PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 08-219648 
(43)Date of publication of application : 30.08.1996 



(51)Int.Cl. 


F27B 7/20 






C04B 35/64 

mm mmmim mmmmmmm- ■ rm-mmmm^ mmm. 




(21) Application number 


07-043394 (71)Applicant : 


MURATA MFG CO LTD 


(22)Date of filing : 


07.02.1995 (72)Inventor : 


YAMADA HIROTSUGU 



(54) HEAT TREATING FURNACE 





(57)Abstract: 

PURPOSE: To provide a heat treating furnace in 
which a heat treating zone can be increased with 
respect to the size of the furnace and which can 
efficiently heat material to be heat treated. 
CONSTITUTION: A heater (central heater) 6 
which has a spiral shape at a main part is inserted 
and disposed in a heat treating zone 5 for heat 
treating material 4 to be heat treated, and an 
exhaust tube formed with an exhaust port for 
passing burnt gas generated in the zone 5 at the 
sidewall is inserted and disposed in the heater 6. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the heat treating furnace used when 
heat-treating the ceramic element assembly etc. which are used for manufacture of 
ceramic electronic parts in detail about a heat treating furnace. 
[0002] 

[Description of the Prior Art]As one of the heat treating furnaces used in the process 
of manufacturing ceramic electronic parts etc., there is a heat treating furnace (hearth 
revolving heat treating furnace) as shown in drawing 4 (a) and (b), for example. This 



[0021 ]The heat treating furnace (hearth revolving heat treating furnace) of this 
example comprises: 

The furnace body 1 in which the controlled atmosphere feed hopper 2 was around 
allocated as shown in drawing 1 (a) and (b). 

The hearth 3 allocated by the lower part of the furnace body 1 so that rotation and 
rise and fall were possible. 

The heater (center-section heater) 6 which consists of silicon carbide (SiC) which 
was inserted and was vertically allocated in the center section of the heat treating 
zone 5 which heat-treats the heat-processed object 4 formed from the furnace body 
1 and the hearth 3 so that it might become the rotation center axis and the 
abbreviated same axle of a hearth. 

Two or more heaters (periphery heater) 7 which set the predetermined interval to the 
periphery of the heat treating zone 5, and were vertically allocated in it 
The exhaust pipe 10 allocated inside the center-section heater 6. 

[0022]And in the heat treating furnace of this example, the heater which fabricates 
the band-like member 6a to spiral shape as the center-section heater 6 is used. 
[0023]The two slits 10a are formed in the exhaust pipe 10 ( drawing 2 , drawing 3 ) 
inserted and allocated inside the center-section heater 6 almost in parallel with the 
shaft orientations as an exhaust port. This exhaust pipe 10 is constituted so that it 
may rotate to an opposite direction with the hand of cut of the hearth 3. Although it 
may be more desirable to have carried out an opening with neither a firing condition 
nor the shape of the heat treating zone 5 when it is more desirable to carry out the 
opening, in this example, the exhaust pipe 10 which closed the pars basilaris ossis 
occipitalis is used for the pars basilaris ossis occipitalis of the exhaust pipe 10 in 
order to enable more uniform exhaust air. 

[0024]And the structure A which consists of this center-section heater 6 and exhaust 
pipe 10 functions also as a flue connector (flueway) for exhausting the combustion gas 
emitted [ the inside of the heat treating zone 5 ] in the heat treating zone 5 while 
functioning as heating and a heating method for carrying out temperature up, an 
unconsumed controlled atmosphere, etc. Namely, lapped part (predetermined interval 
is set to shaft orientations of exhaust pipe 10, and formed in them) B ( drawing 3 ) of 
the crevice 1 1 between the band-like members 6a and the slit (exhaust port) 10a of 
the exhaust pipe 10 which constitutes the spiral part 6b of the center-section heater 
6 in this structure A, It is constituted so that it may function as an exhaust port 
through which the combustion gas emitted in the heat treating zone 5, an unconsumed 
controlled atmosphere, etc. pass. 

[0025]In the heat treating furnace of this example, since he is trying to make an 
opposite direction rotate the exhaust pipe 10 with the hand of cut of the hearth 3, 
Since the relative position of the lapped part of the crevice 1 1 between the spiral 
parts 6b of the center-section heater 6 and the slit (exhaust port) 10a of the exhaust 
pipe 10 moves efficiently and the position bias is lost, it becomes possible to perform 
more uniform exhaust air. 



section heater 6 which consists of silicon carbide (SiC) excellent in the mechanical 
strength, It becomes possible to prevent the collapse in a furnace by breakage of the 
exhaust pipe under heat treatment which was set to the conventional heat treating 
furnace, and to perform efficient good heat treatment. 

[0032]By the method of, for example, detecting the electrical signal which carries out 
load to the center-section heater 6 etc., when it enables it to detect breakage of a 
heater, it can become possible to detect breakage of a heater promptly beforehand or 
after breakage, and reliability can be raised further. 

[0033]It is not limited to the above-mentioned example, and is related with concrete 
shape, structure or construction material, such as a furnace body, a hearth, and a 
heater, etc., and this invention can add various application and modification within the 
limits of the gist of an invention. 
[0034] 

[Effect of the Invention]As mentioned above, while the principal part inserts and 
allocates in a heat treating zone the heater which has spiral shape, the heat treating 
furnace of this invention, Since the exhaust pipe with which the exhaust port through 
which the combustion gas emitted in a heat treating zone etc. pass was formed in the 
inside is inserted and he is trying to allocate it, it becomes possible to install an 
exhaust pipe in the space for installing a heater. Therefore, since the space in which a 
heater or an exhaust pipe is formed separately becomes unnecessary and it becomes 
possible to take a large heat treating zone to a furnace size, it becomes possible to 
heat-treat a heat-processed object efficiently. 

[0035]Since the combustion gas emitted in a heat treating zone etc. are uniformly 
exhausted from the lapped part of the crevice between the spiral parts of a heater, 
and the exhaust port of an exhaust pipe, a heat treating atmosphere can be held on 
predetermined conditions, and good heat treatment can be performed. 
[0036]Also in the heat treating furnace (hearth revolving heat treating furnace) 
constituted so that a hearth might be rotated at the rate of predetermined as 
mentioned above, Since the exhaust pipe inserted and allocated in the heater which 
was inserted and allocated in the heat treating zone, and with which the principal part 
has spiral shape, and its inside functions as a heating method and a flue connector 
(flueway) as mentioned above, it becomes possible to heat-treat a heat-processed 
object certainly efficiently. 

[0037]By using the exhaust pipe which makes an exhaust port the slit formed almost 
in parallel with shaft orientations as an exhaust pipe, Since the combustion gas 
emitted in a heat treating zone from the lapped part (portion which sets a 
predetermined interval to the shaft orientations of an exhaust pipe, and is located in 
them) of the crevice between the spiral parts of a heater and the exhaust port of an 
exhaust pipe etc. are exhausted, It becomes possible to perform uniform exhaust air, a 
heat treating atmosphere can be held on predetermined conditions, and good heat 
treatment can be performed now. 

[0038]When the heater which has the spiral shape which consists of silicon carbide 
(SiC) is used as a heater, From the mechanical strength of silicon carbide being large, 



the collapse in a furnace by breakage of the exhaust pipe under heat treatment which 
was set to the conventional heat treating furnace can be prevented, and efficient good 
heat treatment can be performed. 

[0039]Since the lapped part of the crevice between the spiral parts of a heater and 
the exhaust port of an exhaust pipe moves and the position bias is lost when it is 
made to rotate said exhaust pipe, it becomes possible to perform more uniform 
exhaust air. 

[0040]When it constitutes in an above-mentioned heat treating furnace (hearth 
revolving heat treating furnace) so that a controlled atmosphere may be supplied from 
the circumference of a furnace body, uniform supply of a controlled atmosphere, It 
becomes possible to perform uniform discharge of the combustion gas emitted during 
heat treatment, or an unconsumed controlled atmosphere, a heat treating atmosphere 
is stabilized, and better heat treatment can be performed. 
DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the heat treating furnace concerning one example of 
this invention, and (a) is a top view and (b) is a transverse-plane sectional view. 
[Drawing 2] It is a figure showing the structure which consists of a heater (center- 
section heater) used for the heat treating furnace concerning one example of this 
invention, and an exhaust pipe, and (a) is a front view and (b) is a top view. 
[Drawing 3] It is an enlarged drawing showing the important section of the structure 
which consists of a heater (center-section heater) used for the heat treating furnace 
concerning one example of this invention, and an exhaust pipe. 
[Drawing 4] It is a figure showing the conventional heat treating furnace, and (a) is a 
top view and (b) is a transverse-plane sectional view. 
[Description of Notations] 

1 Furnace body 

2 Controlled atmosphere feed hopper 

3 Hearth 

4 Heat-processed object 

5 Heat treating zone 

6 Heater (center-section heater) 

6a The band-like member which constitutes a center-section heater 
6b Spiral part 

7 Heater (periphery heater) 

8 Heat-processed object placing part 

9 Hearth plate 

10 Exhaust pipe 
10a Slit 

1 1 Crevice 

The structure which consists of an A center-section heater and an exhaust pipe 
The lapped part of the crevice between B center-section heaters, and the slit of an 



exhaust pipe 
DRAWINGS 
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[Drawing 4] 




CLAIMS 



[Claim(s)] 

[Claim 1]A heat treating furnace comprising: 

A heater which was inserted and allocated in a heat treating zone where heat 
treatment of a heat-processed object is performed and with which the principal part 
has spiral shape. 

An exhaust pipe with which an exhaust port through which the combustion gas 
emitted in a heat treating zone on the side attachment wall etc. which were inserted 
and allocated inside [ which has said spiral shape ] a heater pass was formed. 

[Claim 2]The heat treating furnace comprising according to claim 1: 
A hearth with possible making it rotate at the rate of predetermined [ in which a heat- 
processed object is laid ]. 

A furnace body which forms a heat treating zone where heat treatment of a heat- 
processed object is performed with said hearth. 

A heater which was inserted and allocated in a center section of said heat treating 
zone so that it might become a rotation center axis and the abbreviated same axle of 
said hearth and with which the principal part has spiral shape. 
An exhaust pipe with which an exhaust port through which the combustion gas 



emitted in a heat treating zone on the side attachment wall etc. which were inserted 
and allocated inside [ which has said spiral shape ] a heater pass was formed. 

[Claim 3]The heat treating furnace according to claim 1 or 2, wherein an exhaust port 
of said exhaust pipe is the slit formed almost in parallel with shaft orientations. 
[Claim 4]The heat treating furnace according to claim 1, 2, or 3, wherein said heater is 
what consists of silicon carbide (SiC). 

[Claim 5]The heat treating furnace according to claim 1, 2, 3, or 4 characterized by 
making it make an opposite direction rotate said exhaust pipe to a hand of cut of said 
hearth. 

[Claim 6]The heat treating furnace according to claim 2, 3, 4, or 5 supplying a 
controlled atmosphere from the circumference of said furnace body. 
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(54) SILICON CARBIDE HEATING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a recrystallized silicon carbide heating element 
stably usable in a corrosive gas atmosphere over a long period and excellent in durability. 
SOLUTION: This silicon carbide heating element is characterized in that heating parts 
are composed of a recrsytallized SiC and an A1203/CaO/Na20 composite composition 
comprising a composition of 50-80 wt.% of A1203, 10-35 wt.% of CaO and 2-10 wt.% of 
Na20 is filled in the surfaces of binding parts among SiC particles of the recrystallized 
SiC. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention is excellent in endurance and relates to the 
silicon carbide heating element which can be conveniently used as a resistance 
heating element used under the atmosphere especially put to corrosive gas, such as 
halogen gas and hydrogen. 
[0002] 

[Description of the Prior Art]The silicon carbide sintered compact is excellent in heat 
resistance, thermal shock resistance, corrosion resistance, the high-temperature- 
strength characteristic, etc., and since resistance has a value suitable for a heating 
element, useful [ of it ] is carried out as a resistance heating element of a high 
temperature service from the former. 

[0003]A silicon carbide sintered compact SiC powder by extrusion-molding method, a 
slip casting method, etc. How to fabricate, heat-treat and recrystallize in 
predetermined shape, such as a rod, a pipe, and a sheet, Fabricate SiC powder and 
carbonaceous powder mixture, and it is impregnated and metal Si fused at the 
elevated temperature to the Plastic solid is heat-treated, It is manufactured by 



methods, such as a reaction sintering method which combines SiC powder by the 
aggregated particle of SiC generated by the solid phase-liquid phase reaction of 
carbon and Si, or an ordinary pressure sintering process using sintering assistant **. 
[0004]Among these, since it is manufactured by [ which the recrystallization silicon 
carbide sintered compact mixed the organic binder to SiC powder, and fabricated in 
predetermined shape ] carrying out after baking treatment, Since it is large-sized, and 
the sintered compact of complicated shape can be obtained and there is also no 
mixing of the impurity by addition of sintering assistant ** etc., purity is high, and 
since physical properties, such as an electric resistance characteristic, are also 
stable, it is widely used as a heating element 
[0005] 

[Problem(s) to be Solved by the Invention]The silicon carbide sintered compact by 
recrystallizing method heat-treats the Plastic solid which mixed and fabricated the 
organic binder to SiC powder at a not less than 2100 ** elevated temperature, 
Between SiC particles is combined by the grain growth of SiC powder through 
processes, such as surface diffusion and evaporation condensation, Since an 
organization is formed, the bond part of SiC particles and SiC particles exists in 
organization, and the thickness and the number of these bond parts not only govern a 
mechanical strength and an electrical property, but have become a major dominant 
factor also about a chemical durability ******** life. 

[0006]That is, since the bond part between this SiC particle has corrosion resistance 
and low intensity compared with other portions, when it is put to corrosive gas 
atmosphere, this bond part is eroded and it deteriorates, and there is a fault from 
which it becomes difficult to continue, and to use it for a long period of time, being 
stabilized. 

[0007]When especially put to a strong corrosive gas atmosphere like halogen gas, 
such as chlorine and fluoride, or hydrogen gas, the bond part between SiC particles is 
eroded by the corrosive gas which invaded, and there is a problem it becomes 
impossible to use as a heating element comparatively for a short period of time. 
[0008]In order to cancel the above-mentioned problem which the silicon carbide 
heating element which consists of a SiC sintered compact of the quality of 
recrystallization has, this invention persons, By depositing the composite composition 
which consists of aluminum 2 0 3 , CaO, and Na 2 0 on the surface of the bond part 
between the SiC particles which constitute the silicon carbide sintered compact of 
the quality of recrystallization, and specifying the presentation as it further, as a result 
of advancing research wholeheartedly, It found out that the silicon carbide heating 
element excellent in endurance was obtained. 

[0009]That is, this invention is what was completed based on the above-mentioned 
knowledge, and the purpose has high corrosion resistance and it is in providing the 
silicon carbide heating element of the quality of recrystallization excellent in the 
endurance which can continue at a long period of time and can be stably used into 
corrosive gas atmosphere. 
[0010] 



[Means for Solving the Problem]A silicon carbide heating element by this invention for 
attaining the above-mentioned purpose, An exothermic part consists of the quality 
SiC of recrystallization, and on the surface of a bond part between SiC particles of 
the quality SiC of recrystallization aluminum 2 O 3 50 - 80wt%, It is characterized [ 
constitutional ] by making an aluminum 2 0 3 /CaO/Na 2 0 composite composition which 
consists of Na 2 02 - 10wt% of presentation come to deposit CaO10 - 35wt%. 
[0011] 

[Embodiment of the Invention]The silicon carbide heating element of this invention 
consists of the quality SiC of recrystallization, and the quality SiC of recrystallization 
is manufactured in accordance with a conventional method. To the SiC powder which 
carried out grain refining, namely, solvents, such as water or alcohol, And organic 
binders, such as polyvinyl alcohol, methyl cellulose, and carboxyl methyl cellulose, are 
added, and it mixes, it fabricates by the means of daily use, such as extrusion molding 
and press forming, and a desired Plastic solid is produced. Subsequently, the nature 
SiC Plastic solid of recrystallization is acquired by heating and carrying out baking 
treatment of the Plastic solid to the temperature of not less than 2100 **. 
[0012]Thus, since it consists of organization which both the SiC particles that carried 
out grain growth combined mutually and an opening exists around the bond part 
between SiC particles, the organization of the acquired nature SiC Plastic solid of 
recrystallization has the porosity which is usually about 15 to 30%. When the silicon 
carbide heating element which consists of this quality SiC of recrystallization is used 
under corrosive gas atmosphere, such as halogen gas and hydrogen gas, These 
corrosive gas will invade into an inside from the silicon carbide heating element 
surface, the bond part between SiC particles will mainly be eroded, degradation of the 
organization of the quality SiC of recrystallization will be caused, and a use life will 
shorten. 

[0013]The silicon carbide heating element of this invention on the surface of the bond 
part between this SiC particle. It was considered as the organization which deposited 
the aluminum 2 0 3 /CaO/Na 2 0 composite composition excellent in the heat resistance 
and corrosion resistance which consist of Na 2 02 - 10wt% of presentation CaO10 - 
35wt% aluminum 2 O 3 50 - 80wt%. Namely, corrosion-resistant high aluminum 2 0 3 to 
corrosive gas is used as the main ingredients, A heatproof and corrosion resistance 
are high by specifying the ingredient of the aluminum 2 0 3 /CaO/Na 2 0 composite 
composition which consists of CaO which functions in order to give oxidation 
resistance, and Na 2 0 which functions further in order to improve adhesion with the 
bond part between SiC particles, and its presentation, Offer of the long lasting silicon 
carbide heating element excellent in endurance is enabled. 
[0014]The reason for setting the presentation of the aluminum 2 0 3 /CaO/Na 2 0 
composite composition which deposits as a mentioned range, When it is inferior to 
corrosion resistance in the composition ratio of aluminum 2 0 3 being less than [ 50wt% ] 
and 80wt% is exceeded on the other hand, junction power with the bond part between 
SiC particles will decline, and oxidation resistance will also be inferior. It is because a 
result which is inferior in corrosion resistance will be brought if oxidation resistance is 



not enough if CaO is less than 10wt%, Na 2 0 has low junction power with a bond part 
less than [ 2wt% ], and is [ when it exceeds 35wt%, a corrosion-resistant fall will be 
caused, ] inferior to adhesion and 10wt% is exceeded. 

[0015]Thus, the silicon carbide heating element of this invention on the surface of the 
bond part between the SiC particles of the quality SiC of recrystallization, 
aluminum 2 O 3 50 - 80wt%, CaO10 - 35wt%, have the feature at the point made into the 
organization which deposited the aluminum 2 0 3 /CaO/Na 2 0 composite composition 
excellent in the heat resistance and corrosion resistance which consist of Na 2 02 - 
10wt% of presentation, and As a result, corrosion resistance, It becomes possible to 
plan improved efficiency, such as oxidation resistance and adhesion. 
[0016]The water dispersion which the silicon carbide heating element of this invention 
mixed the fines of CaO and Na 2 C0 3 to the water dispersion and alumina sol which 
distributed the fines of aluminum 2 0 3 , CaO, and Na 2 0 by the predetermined weight 
ratio, and was prepared, Or by spreading, immersion, or other means, the nature SiC 
Plastic solid of recrystallization is impregnated, and the solution which dissolved the 
water soluble salts of aluminum, Ca, and Na by the predetermined weight ratio is dried 
and heat-treated, It is manufactured by depositing an aluminum 2 0 3 /CaO/Na 2 0 
composite composition on the surface of the bond part between SiC particles. 
[001 7]It is formed in the state where it was preferred to perform heat treatment at 
the temperature of not less than 1300 ** for 4 hours or more, and the composite 
composition of aluminum 2 0 3 /CaO/Na 2 0 deposited on the surface of the bond part of 
SiC particles and SiC particles by this heat treatment, and it was printed and stuck to 
the bond part.Although a part of SiC of the bond part between SiC particles oxidizes 
at the time of this heat treatment and Si0 2 generates, the effective function of the 
generated Si0 2 is carried out with Na 2 0 at improvement in adhesion with a bond part. 
[0018] 

[Example] Hereafter, the example of this invention is concretely described as 
contrasted with a comparative example. 

[0019]With the conventional method, the silicon carbide heating element which 
consists of a cylindrical nature SiC Plastic solid of recrystallization (20 mm in 
diameter, the head of the exothermic part of 250 mm, Manager Hata of 250 mm each 
of both ends, and 750 mm in overall length) was produced. 

[0020]Example 1 — the exothermic part of this silicon carbide heating element — 
aluminum 2 0 3 fines 69wt%. CaO fines 24wt%, it mixed at Na 2 0 fines 7wt% of a rate, and 
after impregnating and drying, the water dispersion which added and created the 
organic binder and the dispersing agent was heated in temperature of 1380 ** among 
the atmosphere, and was held for 4 hours. On the surface of the bond part between 
SiC particles, the aluminum 2 0 3 /CaO/Na 2 0 composite composition was deposited by 
this heat treatment, and the silicon carbide heating element of this invention was 
manufactured. 

[0021]Next, in order to examine the endurance in corrosive gas atmosphere, this 
silicon carbide heating element was set to the core box type resistance furnace, the 
furnace atmosphere was changed, and furnace operation was carried out for 1000 



hours on condition of the degree of furnace temperature of 1300 **, and surface load 
density 5W/cm 2 . As a furnace atmosphere, it held in a steam atmosphere, a nitrogen 
gas atmosphere, and fluorine gas atmosphere, respectively. 

[0022]Durability test in corrosive gas atmosphere was done on the same conditions as 
Example 1 about the unsettled silicon carbide heating element used as it was, without 
impregnating the exothermic part of the silicon carbide heating element produced with 
the conventional method of the comparative example 1 above in a water dispersion. 
[0023]Coating treatment was performed to the exothermic part of the silicon carbide 
heating element produced with the conventional method of the comparative example 2 
above, and durability test in corrosive gas atmosphere was done on the same 
conditions as Example 1 about the silicon carbide heating element which each formed 
the glassiness coat, the Si 3 N 4 coat, and the SiG coat. 

[0024]The electrical resistance of the silicon carbide heating element before and after 
this furnace operation examination was measured, and the result obtained by asking 
for the rate of a resistance increment was shown in Table 1. 
[0025] 
[Table 1] 





















4 0% 


3 5% 


6 0% 


tmmi mm&) 


10 0% 


8 0% 


2 0 0% 


mm2 a-hfl) 


5 0% *1 


5 0% *2 


1 0 0 % *3 



Front notes; 

*1 Glassiness coat *2 Si 3 N 4 coat *3 SiC coat [0026]The result of Table 1 shows that 
the silicon carbide heating element of Example 1 has the small rate of increase of 
resistance also in which atmosphere of a steam, nitrogen gas, and fluorine gas 
compared with the comparative example 2 which is the comparative example 1 and 
coat article which are unsettled articles, and it is stable. Excelling in the corrosion 
resistance especially in fluorine gas atmosphere is admitted. 
[0027] 

[Effect of the Invention]According to [ above passage ] the silicon carbide heating 
element of this invention, on the surface of the bond part between the SiC particles of 
the quality SiC of recrystallization which forms an exothermic part. In aluminum 2 0 3 , 
CaO 50 - 80wt% 10 - 35wt%, Since the aluminum 2 0 3 /CaO/Na 2 0 composite 
composition in which Na 2 0 consists of a presentation of 2 - 10wt deposits, heat 
resistance and corrosion resistance improve remarkably, It becomes possible to 
continue and use it stably into corrosive gas atmosphere, such as a steam 



atmosphere and halogen gas atmosphere, at a long period of time. Therefore, this 
invention is very useful on industry as a silicon carbide heating element excellent in 
the endurance used in corrosive gas atmosphere. 
CLAIMS 



[Claim(s)] 

[Claim 1]An exothermic part consists of the quality SiC of recrystallization, and on the 
surface of a bond part between SiC particles of the quality SiC of recrystallization. A 
silicon carbide heating element making an aluminum 2 0 3 /CaO/Na 2 0 composite 
composition which consists of Na 2 02 - 10wt% of presentation come to deposit CaO10 
- 35wt% aluminum 2 O 3 50 ™ 80wt%. 
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(54) SILICON CARBIDE HEAT GENERATING BODY COMPOSED OF THREE 
PHASE STRUCTURE 




(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
silicon carbide heat generating body composed of 
three phase structure which is made of reactive 
sinter silicon carbide of a relative density of 90% 
or more and can be used at a high temperature 
region of 1,400 to 1,600°C. 
SOLUTION: The silicon carbide heat generating 
body having a heat generating part made of a 
cylindrical reactive sinter silicon carbide of a 
relative density of 90% or more. The heat 
generating body consists of three grooves 
arranged at an interval of 120° cut in spiral shape 
around it, the three grooves at their edges cut in 
straight and an electrode portion having an 
insulation fire-resistant material inserted to the 
inner side of the cylinder and fixed to the metal 
electrode plate from the outside. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention]This invention relates to a three phase type silicon carbide 
heating element and the three phase type silicon carbide heating element which heat- 
resistant temperature is high and contributes to space-saving and power saving in 
more detail. 
[0002] 

[Description of the Prior Art]As a conventional three phase type silicon carbide 
heating element, the thing of W shape structure which has the three parallel 
exothermic parts 12 and the end 13 connected with it is widely used from the tip part 
16 as shown in drawing 4 . The construction material of an exothermic part is 
recrystallization silicon carbide. 
Porosity has about about 20 to 25%. 

Since this heating element can exclude the device changed into a single phase power 
supply as compared with the usual single phase heater since it becomes directly 
usable in a three phase power supply, it is low cost in respect of an electric power 
unit. 

Since it becomes easy to maintain the balance of each phase, it is connected with 
power saving. 

Since it becomes a piece terminal type, the setting method of hanging from the ceiling 
and side attachment wall of a heating furnace becomes easy, and it has wiring 
capacity and the feature which there are and ends. [ few ] On the other hand, the 
peak exothermic temperature of this heater is about 1400 ** in exothermic part skin 
temperature. 

A heater life becomes short in order that oxidation of silicon carbide may carry out a 
resistance increment rapidly violently, if it is used raising more than it. 
On the other hand, in order to raise heat resistance, porosity forms the exothermic 
part of the silicon carbide heating element of a high temperature form usable to 1600 
** in exothermic part skin temperature with about 10% or less of reaction-sintering 
silicon carbide. Since specific resistance is as low as 0.02-ohmcm as compared with 
the above-mentioned nature silicon carbide heating element of recrystallization, this 
heating element becomes usable with established power supply equipment by usually 
carrying out spiral processing of the exothermic part, and raising total resistance. 
[0003] 

[Problem(s) to be Solved by the Invention]About use in the high temperature region of 
the above-mentioned three phase type heating element, the thing of the structure 
shown in drawing 4 is proposed. According to reaction-sintering silicon carbide 
construction material, since specific resistance is small, this heater is carrying out 
spiral processing at each exothermic part, and it becomes usable to a 1400-1600 ** 
high temperature furnace in a three phase power supply. However, in order that stress 
might occur by the thermal expansion produced in the direction from which each 
exothermic part differed at the time of generation of heat since it is the structure 
which connected three heating elements and the stress might concentrate on a weak 
spiral portion on structure, there was a fault of being easy to break in the portion. The 
process with which the resistance of three connected heating elements each is 



doubled as a manufacturing problem is required, the problem that resistance balance 
collapsed occurred by the resistance change by connection stress relief heat 
treatment, and the product yield was worsened.The purpose of this invention is what 
resulted in improvement in order to conquer the above-mentioned fault, and relative 
density consists of not less than 90% of reaction-sintering silicon carbide, and there is 
in providing the three phase type heating element used suitably in a 1400-1600 ** 
high temperature region. 
[0004] 

[Means for Solving the ProblemjNamely, a three phase type silicon carbide heating 
element concerning this invention, Structure where three slots which an exothermic 
part has arranged at a 120-degree interval by relative density consisting of not less 
than 90% of cylindrical reaction-sintering silicon carbide are deeply cut by spiral 
shape, Insulating refractories are inserted in the structure [ where three slots which 
an end has arranged at a 120 degree interval are cut deeply straight ], and polar-zone 
inside diameter side, and it is characterized [ constitutional ] by structure fixed with 
metal electrode plates from the outside side, and a thing, ** and others. 
[0005] 

[Embodiment of the Invention]A drawing explains this invention. Drawing 1 is a top 
view of the three phase type silicon carbide heating element concerning this invention. 
That is, the exothermic part 22 processes spiral shape and makes three slots 
arranged at intervals of 120 degrees form in a cylindrical silicon carbide heating 
element. Since the pitch 24 of a spiral is dependent on resistance, specific resistance, 
a diameter, and thickness need to design beforehand. An end carries out straight 
processing of the three slots arranged at intervals of 120 degrees, carries out thermal 
spraying of the metal, such as aluminum, to three, respectively, and makes the 
electrode 25 form in the end part. As for a flute width, it is preferred that it is the 
range of 1-5 mm, by less than 1 mm, at not less than 5 mm, it is easy to produce the 
short circuit by contact of each phase, the intensity of a heater element falls, and 
handling becomes difficult. The construction material of the heating element of this 
invention comprises reaction-sintering silicon carbide. After mixing silicon carbide 
powder and the end of carbon powder and carrying out extrusion molding cylindrically, 
the manufacturing method is made to react to carbon, and is made to elaborate by 
making Si contact at the temperature of 1500-2000 **. According to this method, 
since it becomes the precise silicon carbide of not less than 90% of relative density, 
as compared with the quality of recrystallization, heat-resistant temperature is high, 
and it becomes high intensity. Since this heating element is a complicated structure of 
having three slots, it becomes the intensity of the construction material itself needs 
to be high to some extent, and indispensable [ that it is not less than 90% of relative 
density for that purpose ]. Although it carries out about spiral groove processing by 
processing by a Plastic solid, processing by after the calcination process calcinated at 
the temperature of 1200 ** - 1800 ** before Si contact or processing after the 
baking process (1500-1800 **) contacted to Si, and one of methods, Consideration of 
especially intensity and processability will use calcination process post processing 



suitably. In order to process one cylinder and to consider it as a three phase type, the 
heating element by this invention can save the time and effort with which three 
heating element resistance each is doubled, and the yield by resistance balance also 
has the manufacturing merit that it is good. Drawing 2 and drawing 3 are the general 
drawing of a three phase heating element and the sectional views of electrode 
structure including the electrode concerning this invention. As shown in drawing 2 , the 
end of this heating element is bundled with the insulator 33, and it fixes in the metal 
bands 34 from the outside. The polar zone 35 fixes the metal electrode plates 31 with 
a bolt and the nut 32, and joins a lead. The insulating fire refractory material 45 of the 
quality of alumina or the quality of mullite is inserted in the inside diameter side, the 
metal electrode plates 43 are stuck to the electrode 25 of a metallizing portion from 
the outer diameter side of the polar zone 35 of a heating element, and it is made to 
bind tight and fix with a bolt and the nut 41 about the details of the polar zone 35, as 
shown in drawing 3 . The insulators 42 and 46 of the high insulating construction 
material of alumina, for example, quality, are inserted between a bolt and the nut 41, 
and the metal electrode plates 43, and the insulation of each interphase is maintained. 
It is not this limitation if it is possible about a bolt and the nut 41 to use the thing of 
quality of insulating heat-resistant ceramics, such as quality of alumina, for example. 
Thus, according to this invention, by using structure where relative density is formed 
with not less than 90% of reaction-sintering silicon carbide, and an exothermic part 
processes three spiral slots at intervals of 120 degrees, and makes them form, without 
dividing a three phase alternating current power supply, direct continuation is carried 
out and the three phase type silicon carbide heating element which can generate heat 
is provided. 
[0006] 

[ExamplejNext, this invention is explained in detail using an example. 
[0007] 

[Example]5 mm and the exothermic part 22 produced 300 mm, the end 23 produced 
400 mm, and, as for the diameter 21 which has three spiral slots in 120-degree regular 
intervals as shown in drawing 1 , the pitch length 24 produced a 75-mm three phase 
type silicon carbide heating element, as for 40 mm and the thickness 26. As a result of 
measuring density, it was just over or below 93% in relative density. 
[0008] 

[Comparative Example(s)]As shown in drawing 4 , three silicon carbide heating 
elements were made to connect, and W type heating element which carried out spiral 
processing was produced to each heating element in one slot. As for 20 mm and the 
exothermic part thickness 17, 300 mm and the end 13 of 5 mm and the exothermic 
part 12 were 400 mm, and the center interval 14 of each exothermic part diameter 1 1 
was 50 mm, respectively. Thus, about ten sets of each manufactured heating element, 
as a result of making it generate heat to 1600 ** with heating element skin 
temperature by a three phase power supply, breakage in a spiral portion produced the 
heating element of the comparative example in five sets among ten sets to all the 
heating elements of the example having generated heat to fitness. 



[0009] 

[Effect of the Invention]As above, without dividing a three phase alternating current 
power supply, according to this invention, direct continuation is carried out and the 
three phase type heating element which can generate heat is provided by using 
structure where relative density is formed with not less than 90% of reaction-sintering 
silicon carbide, and an exothermic part processes three spiral slots at intervals of 120 
degrees, and makes them form. Therefore, it is very useful as a three phase type 
heating element contributed to space-saving and power saving usable in a high 
temperature region (1400 ** - 1600 **). 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The top view of the three phase type silicon carbide heating element of 
this invention. 

[Drawing 2] The top view of the three phase type silicon carbide heating element which 
has the polar zone of this invention. 

[Drawing 3] The expanded sectional view of the polar zone of the three phase type 
silicon carbide heating element of this invention. 

[Drawing 4] The top view of the three phase type silicon carbide heating element of 
the former and a comparative example. 
[Description of Notations] 

11. Exothermic part diameter 

12. Exothermic part 

13. End 

14. Center interval 

15. Electrode 

16. Connecting part 

17. Exothermic part thickness 

21. Exothermic part diameter 

22. Exothermic part 

23. End 

24. Pitch length 

25. Electrode 

26. Exothermic part thickness 

31. Metal electrode plate 

32. A bolt and a nut 

33. The insulator for reinforcement 

34. Metal band 

35. Polar zone 

41. A bolt and a nut 

42. Insulator 

43. Metal electrode plate 



44. Metal lead 

45. Insulating refractories 

46. Insulator 

DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Drawing 4] 




CLAIMS 



[Claim(s)] 

[Claim 1]Structure where three slots which an exothermic part has arranged at a 120- 
degree interval by relative density consisting of not less than 90% of cylindrical 
reaction-sintering silicon carbide are deeply cut by spiral shape, A three phase type 
silicon carbide heating element, wherein three slots which an end has arranged at a 
120-degree interval are the structures which structure and polar zone which are cut 
deeply straight inserted insulating refractories in the inside diameter side, and fixed 
with metal electrode plates from the outside side. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
heater element with small heat capacity, strong 
airtight structure against temperature change, and 
excellent maintenance property, which is easy to 
manufacture, and to provide a heating device, 
especially base board heating device using the 
above, 

SOLUTION: The heater element comprises a 
heating element made of a conductive ceramics 
sintered compact which generates heat by 
conducting electricity, a sintered compact plate 
made of ceramics, used for airtightly covering an 
opening of a chamber, and for mounting the 
heating element inside the chamber, and power 
supply electrode rods made of conductive 
ceramics sintered compact of which, one end is 
jointed to the heating element and the other end 
extends outside the chamber through the sintered 
compact plate. The power supply electrode rods 



are airtightly fixed to the sintered compact plate by sealing material made of glass or glass 
ceramics. The heater element is especially useful for an exhaust gas treating equipment or 
a base board heating equipment. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the ceramic heating element used at 
an elevated temperature. 

It is related with the heating apparatus which uses the heater element and it which 
were provided with the element of the ceramic heating element used, for example for 
substrate heating, such as a semiconductor wafer, a printed circuit board, and a glass 
substrate, and flue gas treatment, such as chlorofluocarbon, in more detail. 

[0002] 

[Description of the Prior Art]As a military requirement of the heating element (heater) 
used for an electric furnace or gas heating, In the vacuum atmosphere middle class, 
high stability is shown among carrying out temperature up promptly, high- 
temperature-oxidation nature atmosphere, or an inert atmosphere to an elevated 
temperature, The endurance to the continuous use in an elevated temperature or 
repeated rising and falling temperature being excellent and handling are easy, and 
there are various military requirements, such as excelling in maintenance nature. What 
makes nonmetallic ceramics a subject as a heating element which can be especially 
used in high-temperature-oxidation nature atmosphere or an elevated-temperature 
inert atmosphere is used. Since the heating element which makes ceramics a subject 
is excellent in high temperature corrosion resistance, for example even if it uses it for 
the heating apparatus of the pyrolysis process in the dry etching gas atmosphere of a 
semiconductor manufacturing process, and exhaust gas down stream processing, it is 
a heating element which can be equal to prolonged use. 

[0003] For example, in manufacture of a semiconductor wafer, many processes of 
needing heat treatment of a CVD film formation process, an epitaxial film formation 
process, an oxide film formation process, etc. exist, and, for the reason, various kinds 
of substrate heating devices are used. And these substrate heating devices comprise 
a member which constitutes this substrate heating device, for example, an electrode 
member, so that the goods used as the pollution source of substrates, such as a 
semiconductor wafer, may volatilize and substrates, such as a semiconductor wafer, 
may not be polluted. As such a substrate heating device, the substrate heating device 
100 which consists of the heater part 101, the electrode 104, and the chamber 106 is 
known so that it may be shown in the former, for example, drawing 5 . In the heater 
part 101 of the substrate heating device 100 shown in drawing 5 , the resistance 
heating element 105 which becomes an inside of the convex supporter 103 made from 
ceramics from metal, such as tungsten and molybdenum, is laid underground, and the 
substrate-heating side 101a is established in the convex upper surface. This convex 



supporter 103 is installed in the chamber 106, and is joined via the airtight seal part 
108 between the flange 103a provided in the pars basilaris ossis occipitalis of the 
convex supporter 103, and said chamber 106. The electrode 104 for electric power 
supplies is connected to said resistance heating element 105. 
This electrode 104 is formed out of said chamber 106 so that it may not expose to 
the building envelope of said chamber 106. 

[0004] However, if it was in the aforementioned substrate heating device, there were 
the following problems, 

** Said heater part 101 fabricates ceramics powder so that it may become the shape 
of a heater part, Since the metal resistance heating elements 105 are beforehand 
embedded into this Plastic solid, this is sintered with a hot eye SOSUTATIKU press 
(HIP) and it is manufactured, during the repeated use of a substrate heating device, 
The crack resulting from the difference of the coefficient of thermal expansion of said 
ceramics and said metal resistance heating elements 105 enters easily, and endurance 
is insufficient. 

[0005]** said heater part 101 and said convex supporter 103 really sinter an integral- 
moulding object with a hot eye SOSUTATIKU press, and are manufactured — a sake 
— manufacture — being complicated . 

** Calorific capacity is large, and rapid temperature up and a temperature fall cannot 
be performed, therefore heat treatment of substrates, such as a semiconductor wafer, 
takes a long time, and productivity falls. 

** It will evaporate, if a meal exothermic body becomes an elevated temperature when 
carrying out temperature up, and since this evaporation component flows in the 
chamber 106 from the above-mentioned crack and pollutes a substrate, a highly 
efficient device is not obtained. 

[0006]When heating the inside of heating apparatus, such as an electric furnace, as 
shown in drawing 6 , the method of a complicated structure of making the adiabatic 
wall 202 of the furnace wall 201 penetrating, and attaching the ceramics heater 205 is 
adopted (refer to JP,2000-208236,A). That is, the furnace wall 201 consists of the 
adiabatic wall 202 and the furnace shell 203, and the gap 204 is formed between the 
adiabatic wall 202 and the furnace shell 203. 205 is the cylindrical ceramics heater 
formed so that this adiabatic wall 202 might be penetrated, and is supported via the 
unfixed type heat-resistant insulation material 206. The ceramic fiber 209 was twisted 
around the end of the furnace exterior of this ceramics heater 205, it pinched at it 
with the heat-resistant insulation material 208, and the cover plate is attached firmly 
to it with the bolt 21 1 . By really forming the areole 214 in the outside of the furnace 
shell 203 so that the end of the furnace exterior of the ceramics heater 205 may be 
covered, supporting the busbar 218 in these areole 214, and binding the bolt 219 tight 
to this busbar 218, The end of the flexible electric conduction cable 220 is connected 
to the ceramics heater 205 with the clamping cap 212. 

[0007]There is the cylindrical power supply terminal 221 which had the end fixed by 
the busbar 218 in the areole 214. The power supply terminal 221 penetrates the 



septum of the areole 214, and a tip part is drawn outside and sealed by the septum 
penetrated part by the insulating sealant 225 which consists of the alumina fiber 223 
and the heat-resistant insulation material 224. Electric power is supplied to the 
ceramics heater 205 via the power supply terminal 221, the busbar 218, the electric 
conduction cable 220, and the clamping cap 212. They are the piping connection ports 
provided in order that 230 might supply inactive gas into the areole 214, Suppressing 
the rise in heat by electrical resistance generation of heat of electric conduction 
cable 220 grade, the inactive gas supplied from here goes into the gap 204 of a 
furnace wall, as shown in an arrow, and it carries out the remaining heat of the 
furnace atmosphere while it suppresses the rise in heat of the furnace shell 203. 
[0008]By constituting as mentioned above, the ceramics heater 205 is supported by 
the furnace wall 201 comparatively loosely by the unfixed type heat-resistant 
insulation material 206 or the ceramic fiber 209 grade, Since it is connected to the 
flexible electric conduction cable 220, it does not damage, even if it becomes an 
elevated temperature and expands thermally by generation of heat. Even if the 
ceramics heater 205 is supported by the furnace wall 201 comparatively loosely, by 
forming the areole 214, the airtightness in a furnace is maintained and cooling of the 
electric conduction cable 220 or busbar 218 grade is also enabled. However, in such a 
method, structure is quite complicated, and when a ceramic heating element is put to 
a hot corrosive atmosphere and it is damaged, exchanging is not easy. 
[0009] 

[Problem(s) to be Solved by the Invention]This invention is made in view of the 
problem which the above-mentioned conventional art has, and is a thing, 
the technical technical problem with the concrete purpose is equal to use in a high 
temperature field, and excellent in endurance in all use atmosphere — manufacture — 
it is easy and, moreover, a maintenance is providing an easy heater element and 
heating apparatus. 

Not to mention it being small, and rapid temperature up and the temperature fall of 
calorific capacity being attained, and it not needing a long time for heat treatment of 
substrates, such as a semiconductor wafer, but raising the productivity of heat 
treatment of a substrate, if there are substrate heating devices, It aims at providing 
the substrate heating device which the goods used as the pollution source of 
substrates, such as a semiconductor wafer, volatilize, and does not pollute substrates, 
such as a semiconductor wafer, from the member which constitutes a substrate 
heating device, for example, a heating element and an electrode member. 
[0010] 

[Means for Solving the Problemjthis invention person constitutes a heater element 
which fixed a ceramic heating element and a sintering plate object made from 
ceramics using small sealing material of thermal expansion difference, as a result of 
inquiring wholeheartedly for the above-mentioned business solution, A method of 
attaching the heater element to a heating apparatus outer wall airtightly via an O-ring 
(O ring) was adopted. If such a method is adopted, immobilization with a ceramic 
heating element and a sintering plate object made from ceramics can be separated 



from a maintenance of the system of the spot, and can be performed, A maintenance 
of the system becomes possible [ work becoming very easy and exchanging heater 
elements cheaply for a short time, since it is only attaching airtightly via an O-ring (0 
ring) and is good ]. 

[001 1]Namely, a heater element of this invention concerning claim 1, A heating 
element element which consists of a conductive ceramic sintered body which 
generates heat by energization at least, A sintered compact board made from 
ceramics for covering an opening of a chamber airtightly and attaching said heating 
element element in a chamber, While having a pole bolt for electric supply which 
consists of a conductive ceramic sintered body which one end was connected with 
said heating element element, and the other end penetrated said sintered compact 
board, and was drawn out of said chamber, Said sintered compact board and said pole 
bolt for electric supply were used as a heater element which it comes airtightly to seal 
by sealing material which consists of glass or crystallized glass. 
[0012]By sealing a pole bolt which consists of a conductive ceramic sintered body on 
a sintering plate object made from ceramics using sealing material made from glass or 
crystallized glass according to the heater element of this invention constituted as 
mentioned above, Since it is not what was formed with a complex of dissimilar 
material, a crack resulting from a difference of a coefficient of thermal expansion, etc. 
do not occur, moreover, calorific capacity is small and rapid temperature up and a 
temperature fall are attained. It becomes unnecessary to take a problem of metallic 
contamination into consideration by producing a pole bolt by a conductive ceramic 
sintered body, and moreover taking out an end of a pole bolt out of a chamber. Since 
a mounting arrangement to heating apparatus is only airtightly attached to a heating 
apparatus outer wall via an O-ring, it becomes it is very easy and possible to work for 
a short time. 

[0013]As for each coefficient of thermal expansion of a sintering plate object of said 
pole bolt for electric supply, said sealing material and said sealing material, and a 
product made from said ceramics, in a heater element of this invention, it is preferred 
to have a fixed relation. That is, it is preferred that a difference of a coefficient of 
thermal expansion of a sintering plate object of a product [ difference / of a 
coefficient of thermal expansion of said pole bolt for electric supply and said sealing 
material ] made from said ceramics uses below 2x1 0" 6 /** and said sealing material 
below in 2x1 0~ 6 /**. 

[0014]By filling a relation of the above [ each coefficient of thermal expansion of said 
pole bolt for electric supply, said sintered compact board, and **** and said sealing 
material ], heat stress at the time of giving a temperature change becomes small, 
generating of a crack, exfoliation, etc. is lost, and sufficient airtightness is secured. 
Sufficient bonding strength can be attained easily and it can be considered as a 
device which was rich in endurance. When it separated from these ranges, and stress 
by a difference of thermal expansion becomes large, it becomes easy to produce a 
crack and exfoliation and especially a thermal cycling test is done, a possibility that 
leak may occur is for a short time. 



[0015]As for said pole bolt for electric supply, in a heater element of this invention, it 
is preferred to form with a specific electrically-conductive-ceramics sintered 
compact That is, it is preferred to form at least one sort chosen from a group which 
consists of silicon carbide, molybdenum disilicide, zirconia, and lanthanum chromite as 
construction material of said pole bolt for electric supply using what is used as the 
main ingredients. The "main ingredients" means containing these ceramics 80% of the 
weight or more preferably 50% of the weight or more here. It is because it is desirable 
in points, such as high heat conductivity, heat resistance, and a degree of sintering, 
and what has a coefficient of thermal expansion within the limits of the above can be 
further chosen easily in relation between a sintered compact board to join or sealing 
material, if construction material of said pole bolt for electric supply is made into the 
above products made from electrically conductive ceramics. 
[0016]As for said sintered compact board, in a heater element of this invention, 
forming with specific ceramics is preferred. That is, it is preferred to use as the main 
ingredients at least one sort chosen from a group which consists of silicon nitride, 
alumimium nitride, mullite, alumina, a KOJUE light, sialon, magnesia, zircon, forsterite, 
and a steer light as construction material of said sintered compact board, and to form 
it The "main ingredients" means containing these ceramics 80% of the weight or more 
preferably 50% of the weight or more here. It is because it is desirable in points, such 
as heat resistance and a degree of sintering, and what has a coefficient of thermal 
expansion within the limits of the above can be further chosen easily in relation 
between a sintered compact board to join or sealing material, if construction material 
of said sintered compact board is made into the above ceramics. 
[0017]As for sealing material which consists of aforementioned glass or crystallized 
glass (glass ceramics), in a heater element of this invention, being formed with specific 
ceramics is preferred. Namely, sealing material which consists of aforementioned glass 
or crystallized glass, Alumino silica glass, barium boro-silicated glass, boro-silicated 
glass, soda barium silica glass, It is preferred to form by at least one sort chosen from 
a group which consists of lead boro-silicated glass, zinc oxide-boron oxide **SHIRIKA 
crystallized glass, zinc borosilicate glass, natron English glass, and yttrium oxide 
oxidation aluminum silica glass. It is because softening temperature is high and what 
has a coefficient of thermal expansion within the limits of the above can be further 
chosen easily in relation between a sintered compact board to join or sealing material, 
if the aforementioned sealing material is used as above glass or crystallized glass. 
[0018] 

[Embodiment of the InventionjBelow, with reference to an attached drawing, the 
suitable embodiment of this invention is described in detail. This embodiment is for 
explaining the gist of this invention, and in particular, as long as there is no limitation, 
it does not limit this invention. 

[0019]One embodiment of the heater element concerning this invention is shown 
in drawing 1 . In drawing 1 , the heater element 20 The chamber 1 of the product made 
from metallic aluminum for example, The heating element element 2 which consists of 
an electrically-conductive-ceramics sintered compact allocated in this chamber 1, 



The opening of said chamber 1 was airtightly connected with said heating element 
element 2 in the wrap sintered compact board 3 and one end, and the other end is 
provided with the pole bolt 4 for electric supply which consists of an electrically- 
conductive-ceramics sintered compact which penetrated said sintered compact board 
3 and was drawn besides said chamber 1. 

[0020]The heating element element 2 made from said electrically-conductive- 
ceramics sintered compact and the pole bolt 4 for electric supply which consists of 
said electrically-conductive-ceramics sintered compact are connected via the joining 
layer 5, or is mechanically connected using the nut made from ceramics, the washer, 
etc. As construction material of this heating element element 2, although silicon 
carbide, molybdenum disilicide, zirconia, lanthanum chromite, etc. can be illustrated, 
for example, When silicon carbide is used suitably especially, i.e., both the heating 
element element 2 and the pole bolt 4 for electric supply are formed with silicon 
carbide, If it joins using the bonding agent containing Si as indicated by Japanese 
Patent Application No. 1 1-154336, a heater element can be conveniently used in all 
the atmosphere in an oxidizing atmosphere, an inert atmosphere, and reducing 
atmosphere. As silicon carbide, for example, it does not become a cause of metallic 
contamination by a high grade, a conductive silicon carbide material which was 
indicated in the patent No. 2726694 gazette and whose emissivity the thermal 
conductivity under ordinary temperature is 120 or more W/m-K, and is 0.75 or more is 
used suitably. 

[0021]Said pole bolt 4 for electric supply is airtightly sealed with the sintered compact 
board 3 via the sealing material 12 which consists of glass or crystallized glass. In 
order to obtain sufficient airtightness and bonding strength, it is preferred that the 
difference of the coefficient of thermal expansion of said sintered compact board 3 
and the above-mentioned sealing material 12 is a range below 2x1 0" 6 /**, and the 
difference of the coefficient of thermal expansion of said pole bolt 4 for electric 
supply and the above-mentioned sealing material 12 is a range below 2x1 0~ 6 /**. It is 
good that the difference of the coefficient of thermal expansion of the pole bolt 4 for 
electric supply and the sintered compact board 3 is a range below 1x1 0~ 6 /** more 
preferably, and the difference of a coefficient of thermal expansion with the sealing 
material 12 made from the pole bolt 4 for electric supply, the above-mentioned glass, 
or crystallized glass is a range below 0.5x2x1 0" 6 /**. When it separated from these 
ranges, and it becomes easy to produce a crack and exfoliation and especially a 
thermal excursion is repeated, a possibility that leak may occur is for a short time. 
[0022]As construction material of said pole bolt 4 for electric supply, silicon carbide 
(coefficient of thermal expansion: 4.0x1 0" 6 /**), Molybdenum disilicide (coefficient of 
thermal expansion: 7.5x1 0" 6 /**), zirconia (coefficient of thermal expansion: 9.2x10" 
V**), It is preferred in points, such as high heat conductivity, heat resistance, and a 
degree of sintering, that it is what uses as the main ingredients at least one sort 
chosen from the group which consists of lanthanum chromites (coefficient of thermal 
expansion: 9.7x1 0" 6 /**). 

[0023]As construction material of said sintered compact board 3, silicon nitride 



(coefficient of thermal expansion: 3.0 - 3.7x1 0~ 6 /**), Alumimium nitride (coefficient of 
thermal expansion: 3.9 - 4.4x1 0~ 6 /**), Mullite (coefficient of thermal expansion: 3.7 - 
5.0x1 0~ 6 /**), alumina (coefficient of thermal expansion: 7.5 - 8.1x10~ 6 /**), A KOJUE 
light (coefficient of thermal expansion: 2.8x1 0~ 6 /**), sialon (coefficient of thermal 
expansion: 3.0 - 3.4x1 0~ 6 /**), Magnesia (coefficient of thermal expansion: 11x10~ 6 /**), 
zircon (coefficient of thermal expansion: 2.5 - 4.8x1 0~ 6 /**), It is preferred in points, 
such as heat resistance and a degree of sintering, that it is what uses as the main 
ingredients at least one sort chosen from the group which consists of forsterite 
(coefficient of thermal expansion: 1 0.5x1 0" 6 /**) and a steer light (coefficient of 
thermal expansion: 7.8x1 0~ 6 /**). 

[0024] As construction material of the glass which forms the sealing material 12, or 
crystallized glass, As for softening temperature, since temperature rises at the time of 
energization of the heating element element 2 not to mention the ability to seal 
airtightly said pole bolt 4 for electric supply, and said sintered compact board 3, it is 
required to have heat resistance and it is preferably preferred that it is not less than 
600 ** not less than 400 **. As such glass or crystallized glass for sealing material 12, 
For example, alumino silica glass (coefficient of thermal expansion: 4 - 7x1 0~ 6 /**), 
Barium boro-silicated glass (coefficient of thermal expansion: 5x1 0" 6 /**), boro- 
silicated glass (coefficient of thermal expansion: 3 ~ 5x1 0" 6 /**), Soda barium silica 
glass (coefficient of thermal expansion: 5x1 0~ 6 /**), Lead boro-silicated glass 
(coefficient of thermal expansion: 5x1 0" 6 /**), zinc oxide-boron oxide-silica glass 
ceramics (coefficient of thermal expansion: 3 - 7x1 0~ 6 /**), Zinc borosilicate glass 
(coefficient of thermal expansion: 7x1 0~ 6 /**), natron English glass (coefficient of 
thermal expansion: 9x1 0~ 6 /**), yttrium oxide oxidation aluminum silica glass 
(coefficient of thermal expansion: 4 - 6x1 0" 6 /**), etc. can be illustrated. Since it 
excels in intensity, a zinc oxide (ZnO) 20 to 70 % of the weight especially, The zinc 
oxide-boron oxide-silica system crystallized glass (coefficient of thermal expansion: 
3.5 - 6.5x1 0~ 6 /**) which contains boron oxide (B 2 0 3 ) 20 to 35% of the weight can be 
illustrated suitably. 

[0025]And from the inside of the pole bolt 4 for electric supply formed with the above 
construction material, the sintered compact board 3 formed with the above 
construction material, and the sealing material 12 formed with the above construction 
material, The difference of the coefficient of thermal expansion of said pole bolt 4 for 
electric supply and the sintered compact board 3 Below 2x1 0~ 6 /**. It is preferred to 
choose so that it may be more preferably considered as the range below 1x1 0~ 6 /** 
and the difference of the coefficient of thermal expansion of said sintered compact 
board 3 and the pole bolt 4 for electric supply, and the above-mentioned sealing 
material 12 may become [ below 2x1 0" 6 /** ] more preferably below in 0.5x1 0~ 6 /**. 
[0026]It is preferred for above-mentioned sealing to carry out in the atmosphere 
containing oxygen or an inert gas atmosphere, and the inside of oxygen, nitrogen, 
argon, or these mixed atmospheres can use it more conveniently further. When it 
carries out in a vacuum or reducing atmosphere, fault — glass or crystallized glass is 
returned — arises, and there is a possibility that sufficient airtightness cannot be 



acquired. In relation to softening temperature, sealing treatment temperature has [ the 
temperature in the case of sealing using glass or crystallized glass ] the preferred 
range of 400-1200 **. When sealing treatment temperature is 400 ** or less, the 
mobility of glass is insufficient, and on the other hand, if sealing treatment 
temperature will be not less than 1200 **, it will be easy to produce foaming, and it 
becomes difficult to acquire airtightness. The range of the sealing treatment 
temperature of glass or crystallized glass is 500-1100 ** more preferably, 
[0027]When sealing, sufficient airtightness can be acquired even if it does not perform 
pretreatment special to said pole bolt 4 for electric supply, and the sintered compact 
board 3. However, when said pole bolt 4 for electric supply is formed from non-oxides, 
such as silicon carbide and molybdenum disilicide, the intensity of that from which it is 
smeared, a sex is bad and airtightness is acquired with glass or crystallized glass may 
become insufficient. Therefore, when said pole bolt 4 for electric supply is formed with 
the non-oxide, If heat-treat at 600-1300 ** among an oxidizing atmosphere, an oxide 
layer is made to form in the surface of the pole bolt 4 for electric supply and it seals 
after that, Since wettability with glass or crystallized glass is improved, and an oxide 
layer, glass, or crystallized glass reacts and joins together chemically and firm junction 
is acquired, it is desirable. Firm junction can be acquired by heat-treating in an 
oxidizing atmosphere, making an oxide layer form in the surface of the sintered 
compact board 3 like the above, also when the sintered compact board 3 is formed 
from the non-oxide, and sealing after that. 

[0028]The exterior of the chamber 1 is made to draw the end of the aforementioned 
pole bolt 4 for electric supply. It is electrically connected with the metal electrode 
portion 7 for electric supply which has the coefficient of thermal expansion 
approximated to the coefficient of thermal expansion of this pole bolt 4 for electric 
supply, and the drawn pole bolt 4 for electric supply fluctuates power supply, and has 
come to be able to perform temperature control of the heater element 20. At the time 
of heating, when generation of heat of the heating element element 2 conducts to the 
pole bolt 4 for electric supply and pole bolt 4 self for electric supply generates heat, 
the end of the pole bolt 4 for electric supply serves as an elevated temperature. 
Therefore, the metal electrode for electric supply also serves as an elevated 
temperature. It becomes unnecessary however, to take into consideration the problem 
of the metallic contamination resulting from the metal evaporation from the metal 
electrode portion 7 in the substrate heating device concerning this embodiment by 
deriving the end of the pole bolt 4 for electric supply out of the chamber 1. The metal 
electrode portion 7 for electric supply drawn out of the chamber 1 can be 
compulsorily cooled by water cooling, air cooling, or other means, therefore the pole 
bolt 4 for electric supply and the metal electrode 7 for electric supply can be 
connected easily, and, moreover, the endurance of this joined part can be made to 
improve by leaps and bounds. 

[0029]Next, the heating apparatus which uses the above-mentioned heater element 
20 is explained. Restriction in particular does not have the heating apparatus using the 
above-mentioned heater element 20, and it can be applied to all the heating apparatus 



which have a heat chamber. For example, a gas heating apparatus and a substrate 
heating device are mentioned. Especially the heater element of this invention is 
effective in the heating apparatus which uses corrosive environment at an elevated 
temperature. If a gas heating apparatus is taken for an example, a hole is made in the 
tubular chamber for heating into which gas flows through an inside, the heater element 
part of the heater element of this invention is inserted into the chamber for heating, 
using an 0 ring, bolting of the sintering plate object of a heater element will be 
airtightly carried out to a chamber outer wall, and it will be attached to it. What is 
necessary is just to exchange this whole heater element, if the heater element has 
deteriorated by hot and corrosive gas. Since exchange of a heater element is only 
bolting, it can exchange very easily [ a short time ]. 

[0030]A substrate heating device is taken up and explained as other examples of 
heating apparatus. The substrate heating device has the structure where the 
substrate support plate for laying a semiconductor substrate etc. in a heating chamber 
is arranged, a heater is arranged on the back side of this substrate support plate, and 
a substrate is heated. Therefore, as for the heating element element used with a 
substrate heating device, it is preferred to use the planate heating element element by 
which parallel arrangement was carried out to the substrate support plate. If a planate 
heating element element is used, a substrate support plate can be heated uniformly 
and it will become possible to keep the superficial temperature distribution of a 
substrate uniform. In a substrate heating device, the structure of a heater element 
may be the same as the case of a previous gas heating apparatus except using a 
planate heating element element. The means of attachment of the heater element to a 
substrate heating device may be the same as that of the case of a previous gas 
heating apparatus. What is necessary is just to exchange this whole heater element, if 
the heater element has deteriorated by hot and corrosive gas. Since exchange of a 
heater element is only bolting, it can exchange very easily [ a short time ]. 
[0031] 

[Example]Hereafter, the example and comparative example of this invention are hung 
up and this invention is explained concretely. 

(Example 1) The heater element of the structure shown in drawing 1 was produced. As 
for the construction material of the heating element element 2 and the pole bolt 4 for 
electric supply, the thermal conductivity under ordinary temperature is 175 W/m-K, 
and emissivity used the conductive silicon carbide sintered compact of 0.9. The 
heating element element 2 is formed in flex shape of an electron discharge method 
like drawing 1 in a band-like heating element with a thickness of 3 mm and a width of 
6 mm. The height of the whole heating element element is 200 mm, width is 46 mm, 
and the length of the crooked part was 100 mm. Shape of the pole bolt 4 for electric 
supply was made into rod form 6 mm in diameter, and 100 mm in length. As 
construction material of the sintered compact board 3, alumimium nitride (made by 
Sumitomo Osaka Cement) was used. The diameter of the sintered compact board 3 
was 100 mm and 6 mm in thickness, and set the diameter of the through hole of the 
pole bolt 4 for electric supply to 8 mm. The pole bolts 4 and 4 for electric supply have 



been arranged in an 18-mm position from the center. Construction material of the 
metal electrode portion 7 was made into covar. 

[0032]The zygote of the heating element element 2 and the pole bolt 4 for electric 
supply was obtained as follows. Weighing of the silicon powder 0.7g and the 
molybdenum powders 0.3g was carried out, and after adding alpha-terpineol which 
dissolved the acrylic resin and mixing, the heating element element 2 was used with ** 
in the plane of composition of the pole bolt 4 for electric supply. Subsequently, the 
heating element element 2 and the pole bolt 4 for electric supply were assembled in 
predetermined shape, indirect desulfurization fat was performed at 350 ** for 20 
minutes, and it joined by heat-treating for 30 minutes at 1500 ** under atmospheric 
pressure. On the other hand, the crystallized glass for sealing material 12 was 
produced as follows. 60 g of zinc oxides (ZnO), 25 g of boron oxide (B 2 0 3 ), and 15 g of 
silica (Si0 2 ) were used with the automatic mortar, the platinum crucible was used 
after mixing and with a 1680 ** electric furnace, and it fused. It dropped and 
quenched underwater after melting and glass was obtained. The obtained glass 
wasground in ethanol in the planetary mill, and it was ground until it became 300 or less 
meshes.After grinding, it dried and the sealing material (powder, 650 ** of softening 
temperatures) of the presentation A was obtained. 

[0033]The pole bolt 4 for electric supply joined to the heating element element 2 and 
the sintered compact board 3 were sealed as follows. The pole bolt 4 for electric 
supply joined to the heating element element 2 and the sintered compact board 3 
were allocated in the position using the carbon jig, respectively. Said sealing material 
was put into the crevice between the pole bolt 4 for electric supply, and the sintered 
compact board 3 after allocation, and temperature up was carried out to 900 ** by 10 
** in speed / min in a nitrogen atmosphere, and after holding for 30 minutes at 900 
**, it cooled to the room temperature in 10 ** in speed / min. On the other hand, the 
bolt 17 made from covar was used for the end of the pole bolt 4 for electric supply, 
and the metal polar zone 7 was connected with it. 

[0034]About the heater element manufactured as mentioned above, the airtightness of 
a sealing part and the bonding strength of the sealing part were evaluated. 
The airtightness of the sealing part of the pole bolt 4 for "evaluation of airtightness of 
sealing part" electric supply and the sintered compact board 3 made from ceramics 
was evaluated as follows. Temperature up was carried out at the rate of 10 ** / min, 
adjusting an output until the temperature of heating element element 2 portion 
became 1 100 ** in the air, after reaching 1 100 **, it held for 30 minutes and 
prescribed frequency load of the heat load cycle lowered to a room temperature at 
the rate of 10 ** / min was carried out. Airtightness was evaluated after the end of 
load using the helium leak detector (product model DLMS[ made from Japanese 
Vacuum technology ]-33). The result was shown in Table 1. The valuation basis is as 
follows. 

O Seal .... They are leak nothing and ** seal after 500 cycles.... They are those with 
leak, and x seal after 200 cycles.... They are those with leak after 10 cycles, 
[0035]The specimen shown in "evaluation of bonding strength of sealing part" special, 



and drawing 2 (zygote joined using said sealing material of the pole bolt 4 for electric 
supply, and the sintered compact board 3.) The size produced the case and identitas 
in said heater element 20, and measured the disruptive strength of the crystallized 
glass between the pole bolt 4 for electric supply, and the sintered compact board 3 at 
a room temperature and 400 ** using the intensity measurement device (the product 
made from Instron, Instron MZ-401). The result is shown in Table 1. 
[0036] 
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[0037](Example 2) The same operation as Example 1 was performed, and the heater 
element of the structure shown in drawing 1 was produced. However, after 
manufacturing the zygote of the heating element element 2 and the pole bolt 4 for 
electric supply, it oxidized in the 1-hour air at 1300 **, and the oxide film was formed 
in the surface. On the other hand, the sintered compact board 3 was also oxidized in 
the 1-hour air at 900 **, the oxide film was formed in the surface, and the glass 
sealing of these was carried out after that The quality assessment same about the 
obtained substrate heating device as Example 1 was carried out. A result is shown in 
Table 1. 

[0038](Example 3) Changing the construction material of the sintered compact board 
3 into mullite, to the sintered compact board 3 which consists of this mullite, except 
not having given, oxidation treatment performed the same operation as Example 2, and 
produced the substrate heating device of the structure shown in drawing 1 . The 
quality assessment same about the obtained substrate heating device as Example 1 
was carried out. A result is shown in Table 1. 

[0039](Example 4) The same operation as Example 1 was performed, and the heater 



element of the structure shown in drawing 1 was produced. However, the presentation 
A of sealing material was changed into the presentation B which serves as 30 g of 
zinc oxides (ZnO), and 50 g of boron oxide (B 2 0 3 ) from 20g (powder, 570 ** of 
softening temperatures) of silica (Si0 2 ). The quality assessment same about the 
obtained heater element as Example 1 was carried out. A result is shown in Table 1. 
[0040](Example 5) The same operation as Example 1 was performed, and the heater 
element of the structure shown in drawing 1 was produced. However, the construction 
material of the heating element element 2 and the pole bolt 4 was changed into 
molybdenum disilicide, and the construction material of the sintered compact board 3 
was changed into the steatite, the presentation A of a sealing glass ceramic — 
Si0 2 (72.5 % of the weight)-aluminum 2 0 3 (2 % of the weight)-[MgO+CaO+BaO] (12 % of 
the weight)- the soda lime glass (the Asahi Glass Co., Ltd. make,) which has the 
presentation C of [Na 2 0+K 2 0] (13.5 % of the weight) It changed at Asahi AS and 700- 
750 ** of softening temperatures. The heating element element 2 and the pole bolt 4 
were mechanically connected using the screw made from molybdenum disilicide. The 
quality assessment same about the obtained heater element as Example 1 was carried 
out. A result is shown in Table 1. 

[0041](Example 6) The same operation as Example 1 was performed, and the heater 
element of the structure shown in drawing 1 was produced. However, the construction 
material of the sintered compact board 3 was changed into silicon nitride. The 
presentation A of a sealing glass ceramic. Si0 2 (49 % of the weight)-aluminum 2 O 3 (10 % 
of the weight)-[MgO+CaO+BaO] (25 % of the weight)- the barium borosilicate glass 
(the Corning, Inc. make.) which has the presentation D of [Na 2 0+K 2 0] (0.1 % of the 
weight) It changed at Corning 7059 and 840 ** of softening temperatures. The quality 
assessment same about the obtained heater element as Example 1 was carried out. A 
result is shown in Table 1. 

[0042](Example 7) The same operation as Example 1 was performed, and the 
substrate heating device of the structure shown in drawing 1 was produced. However, 
the construction material of the heating element element 2 and the pole bolt 4 was 
changed into lanthanum chromite, and the construction material of the sintered 
compact board 3 was changed into forsterite. the presentation A of a sealing glass 
ceramic — Si0 2 (72.5 % of the weight)-aluminum 2 0 3 (2 % of the weight)- 
[MgO+CaO+BaO] (12 % of the weight)- the soda lime glass (the Asahi Glass Co., Ltd. 
make.) which has the presentation C of [Na 2 0+K 2 0] (13.5 % of the weight) It changed 
at Asahi AS and 700-750 ** of softening temperatures. The heating element element 
2 and the pole bolt 4 were mechanically connected using the screw made from 
lanthanum chromite. The quality assessment same about the obtained heater element 
as Example 1 was carried out. A result is shown in Table 1. 

[0043](Example 8) The same operation as Example 1 was performed, and the heater 
element of the structure shown in drawing 1 was produced. However, the construction 
material of the heating element element 2 and the pole bolt 4 was changed into 
zirconia. The heating element element 2 and the pole bolt 4 were mechanically 
connected using the screw made from zirconia. The quality assessment same about 



the obtained heater element as Example 1 was carried out A result is shown in Table 
1. 

[0044](Comparative example) The same heater element as Example 1 was produced 
except having connected airtightly the pole bolt 4 for electric supply, and the sintered 
compact board 3 with the 0 ring (the E. I. du Pont de Nemours& Co. make, cull 
RETTSU). The airtightness of the sealing part was evaluated like Example 1 about the 
obtained heater element. A result is shown in Table 1. 

[0045]If a pole bolt and a sintered compact board are sealed by the sealing material 
which consists of glass or crystallized glass so that clearly from Table 1, since the 
heat stress at the time of heating is small, confidentiality will be maintained, and high 
bonding strength will be obtained. In neither Example 1 nor - Example 7, since 
especially the thermal expansion coefficient difference between a pole bolt and sealing 
material and the thermal expansion coefficient difference between a sintered compact 
board and sealing material are as small as below 2x1 0" 6 /**, even if it gives the thermal 
excursion of 500 cycles, airtightness has completely deteriorated. In Example 8, since 
the thermal expansion coefficient difference between a pole bolt and sealing material 
is as large as 5.7x1 0~ 6 /**, the number of times of a durable thermal excursion is falling 
to 200 times a little. 

[0046](Example 9) The heating apparatus for waste gas processing of the structure 
shown in drawing 3 was produced. The heating apparatus for this waste gas 
processing is used for processing of the industrial waste containing chlorofluocarbon, 
and the device for carrying out the pyrolysis of the harmful gas which comes out when 
incinerating plastics, and processing it The pyrolysis of the waste gas introduced into 
the heating apparatus for this waste gas processing is heated and carried out to about 
450 ** - 650 **, it is made to react to a steam at 900 ** - 1 100 ** by a reformer 
further, dehalogenation is carried out, by a gas scrubber, it sprays the alkaline water, 
is washed and detoxicating treatment is carried out 

[0047]As shown in drawing 3 , the waste gas which should heat the inside of the 
tubular chamber 41 for heating flows through the heating apparatus 40 for this waste 
gas processing, and the heating element element 2 made from a ceramic sintered body 
is arranged in this gas stream. The heating element element 2 is included in the heater 
element 20 which becomes this invention, and is attached to the chamber 41 of the 
waste gas heating apparatus 40. Namely, integral moulding of the heating element 
element 2 is carried out to the pole bolt 4 for electric supply, and the pole bolt 4 for 
electric supply is airtightly sealed by the sintered compact board 3 via sealing 
material, The heating element element 2 is inserted from the opening of a chamber, 
and the sintered compact board 3 is airtightly attached to the outer wall of the 
chamber 41 using O ring 11. As for the construction material of the heater element 2 
and the pole bolt 4 for electric supply, the thermal conductivity under ordinary 
temperature is 175 W/m~K, and emissivity used the conductive silicon carbide 
sintered compact of 0.9. The coefficient of thermal expansion used the glass of a zinc 
oxide-boron oxide system of 3.5x1 0~ 6 /** for sealing material. If the metal electrode 
portion 7 is connected to a power supply and electric power is supplied, the heating 



element element 2 generates heat and heating of waste gas can be performed 
continuously. 

[0048]Since the heating element element 2 consists of a conductive ceramic sintered 
body if it is considered as the heating apparatus for waste gas processing of such 
composition, it has remarkable corrosion resistance to hot waste gas. What is 
necessary is just to exchange the whole heater unit 20 prepared separately 
beforehand, when the heating element element 2 has been damaged at last it operated 
for a long time. Since the bolt (graphic display abbreviation) could be used, for 
example and exchange of the heater unit 20 was performed by very simple work [ only 
binding tight airtightly ] via O ring 11, working hours were able to be shortened 
substantially. 

[0049](Example 10) The substrate heating device of the structure shown in drawing 
4_was produced. As for the construction material of the planate heating element 
element 2 and the pole bolt 4 for electric supply, the thermal conductivity under 
ordinary temperature is 175 W/m-K, and emissivity used the conductive silicon 
carbide sintered compact of 0.9. The shape of the heating element element 2 is 3 mm 
in thickness, and is 240 mm in diameter. 

The width of the heating element element 2 was 24 mm in the center of an inner week 
part, was gradually made small, and was 6 mm on the No. 1 outside of the peripheral 
part. 

Shape of the pole bolt 4 for electric supply was made into rod form 6 mm in diameter, 
and 300 mm in length. As construction material of the sintered compact board 3, 
alumimium nitride (made by Sumitomo Osaka Cement) was used. The diameter of the 
sintered compact board 3 was 100 mm and 6 mm in thickness, and set the diameter of 
the through hole of the pole bolt 4 for electric supply to 8 mm. The substrate support 
plate 10 and the leg 13 were made into the product made from transparent quartz, and 
made the heater case 6 the product made from opaque quartz. The pole bolts 4 and 4 
for electric supply have been arranged in an 18-mm position from the center. 
Construction material of the metal electrode portion 7 was made into covar. 
[0050]The zygote of the heating element element 2 and the pole bolt 4 for electric 
supply was obtained as follows. Silicon powder and molybdenum powders were used 
and the bonding agent which added alpha-terpineol which dissolved the acrylic resin 
and was mixed was used as the heating element element 2 with ** in the plane of 
composition of the pole bolt 4 for electric supply. Subsequently, the heating element 
element 2 and the pole bolt 4 for electric supply were assembled in predetermined 
shape, indirect desulfurization fat was performed at 350 ** for 20 minutes, and it 
joined by heat-treating for 30 minutes at 1500 ** under atmospheric pressure. On the 
other hand, as the sealing material 12, the crystallized glass of a Zn0-B 2 0 3 - 
Si0 2 system of 650 ** of softening temperatures was used. 

[0051]The pole bolt 4 for electric supply joined to the heating element element 2 and 
the sintered compact board 3 were sealed as follows, and the heater element 20 was 
obtained. First, the pole bolt 4 for electric supply joined to the heating element 
element 2 and the sintered compact board 3 were allocated in the position using the 



carbon jig, respectively. Said sealing material was put into the crevice between the 
pole bolt 4 for electric supply, and the sintered compact board 3 after allocation, and 
temperature up was carried out to 900 ** by 10 ** in speed / min in a nitrogen 
atmosphere, and after holding for 30 minutes at 900 **, it cooled to the room 
temperature in 10 ** in speed / min. On the other hand, the bolt made from covar 
was used for the end of the pole bolt 4 for electric supply, and the metal polar zone 7 
was connected with it. 

[0052]The heater element 20 manufactured as mentioned above was included in the 
rear face of the substrate support plate 10 of a substrate heating device, the sintered 
compact board 3 was airtightly attached to the outer wall of the chamber 1 via O ring 
1 1 using the bolt 17, and the substrate heating device 30 was completed. About this 
substrate heating device, the airtightness of a sealing part and the bonding strength of 
the sealing part were evaluated. The silicon wafer 8 is laid on "evaluation of 
airtightness of sealing part" substrate support plate 10, The supplied power source 
was connected to the metal electrode portion 7, temperature up was carried out to 
750 ** (wafer temperature) at the rate of 10 ** / min, adjusting an output, after 
reaching 750 **, it held for 30 minutes and prescribed frequency load of the heat load 
cycle lowered to a room temperature at the rate of 10 ** / min was carried out. 
Airtightness was evaluated after the end of load using the helium leak detector 
(product model DLMS[ made from Japanese Vacuum technology ]-33). As a result, 
leak was not accepted at all after 500 cycles. 

[0053]after the end of airtight evaluation of "evaluation of bonding strength of sealing 
part" above, and an intensity measurement device (the product made from Instron.) 
When the disruptive strength of the crystallized glass between the pole bolt 4 for 
electric supply and the sintered compact board 3 was measured at a room 
temperature and 400 ** using Instron MZ-401, at the room temperature, it had 
105MPa and sufficient intensity in 124MPa and 400 **. 

[0054]Since the heating element element 2 consists of a conductive ceramic sintered 
body if it is considered as the substrate heating device of such composition, and it 
has corrosion resistance to hot reactant gas, a device life is long. What is necessary is 
just to exchange the whole heater unit 20 prepared separately beforehand, when the 
heating element element 2 has been damaged at last it operated for a long time. Since 
the bolt 17 could be used, for example and exchange of the heater unit 20 was 
performed by very simple work [ only binding tight airtightly ] via O ring 11, working 
hours were able to be shortened substantially. 
[0055] 

[Effect of the Invention]As mentioned above, since the heater element of this 
invention formed the heating element element and the pole bolt for electric supply 
with the electrically-conductive-ceramics sintered compact and the end of the pole 
bolt for electric supply was drawn out of the chamber, in order to only carry out 
formation processing of the exothermic part with electrically conductive ceramics, for 
the crack etc. which originated in the difference of the coefficient of thermal 
expansion since it was not what was formed by composite of dissimilar material not to 



occur, and to excel in endurance and also not to use devices, such as HIP, — 
manufacture — it is easy. And it is easy to come out as bolting of the attachment to 
heating apparatus is carried out via an 0 ring, is easy and can be performed by short- 
time work. Not to mention temperature up still smaller calorific capacity and rapid and 
a temperature fall being attained, therefore becoming possible not to need a long time 
in heat treatment of substrates, such as a semiconductor wafer, but to raise the 
productivity of heat treatment of a substrate substantially, The goods used as the 
pollution source of substrates, such as a semiconductor wafer, volatilize, and 
substrates, such as a semiconductor wafer, are not polluted from the member which 
constitutes a substrate heating device, for example, an electrode member etc. 
DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view explaining the structure of the heater element of this 
invention. 

[Drawing 2] It is the top view and sectional view of a specimen for measuring the 
bonding strength of a pole bolt and a sintered compact board. 

[Drawing 3] It is a sectional view explaining the structure of the heating apparatus for 
waste gas processing shown in Example 9. 

[Drawing 4] It is a sectional view explaining the structure of the substrate heating 
device shown in Example 10. 

[Drawing 5] It is a sectional view explaining the structure of the substrate heating 
device in conventional technology. 

[Drawing 6] It is a figure showing an example in the method of attaching a ceramics 
heater to the heating apparatus in conventional technology. 
[Description of Notations] 

1,106 A chamber, 2 A heating element element, 3. A sintered compact board, 

4,104 The pole bolt for electric supply, 5 A joining layer, 6. ...,..A heater case, 7 .A 

metal electrode portion, 8. A substrate, 10 A substrate support plate, 11 An 0 

ring, 12 Sealing material, 15,115 A thermo couple, 20 A heater element, 

30,100 A substrate heating device, 40 The heating apparatus for waste gas 

processing, 101 A heater part, 103 A convex supporter, 105 A resistance 

heating element, 108 An airtight seal part, 203 [ ...... A heat-resistant insulation 

material 209,223 / ...... An alumina fiber, 221 / .A power supply terminal, 225 

/ Insulating sealant ] A furnace shell, 205 .A ceramics heater, 206 ......A heat- 
resistant insulation material, 208,224 
DRAWINGS 



[Drawing 1] 



20 



5H| 
4- 



~_1 



IZE: 



12 
7 



17 17 



[Drawing 2] 



(a) 





[Drawing 3] 

40 

/ 




[Drawing 5] 



/ 



100 




101a 



108 



i_i 



,101 



XX 




A 



104- 



103- 



,106 



A 108 



-104 



I 



115 



[Drawing 6] 




CLAIMS 



[Claim(s)] 

[Claim 1]A heater element characterized by coming airtightly to be sealed by sealing 
material to which both said sintered compact boards and said pole bolts for electric 
supply become characterized by comprising the following from glass or crystallized 
glass. 

A heating element element made from an electrically-conductive-ceramics sintered 
compact which generates heat by energization at least. 

A sintered compact board made from ceramics for covering an opening of a chamber 
airtightly and attaching said heating element element in a chamber. 



A pole bolt for electric supply made from an electrically-conductive-ceramics sintered 
compact which one end was connected with said heating element element, and the 
other end penetrated said sintered compact board, and was drawn out of said 
chamber. 

[Claim 2]The heater element according to claim 1 or 2, wherein a difference of a 
coefficient of thermal expansion of said pole bolt for electric supply and said sealing 
material is below 2x1 0" 6 /** and a difference of a coefficient of thermal expansion of a 
sintered compact board made from said ceramics and said sealing material is below 
2x1 0" 6 /**. 

[Claim 3]The heater element according to claim 1 or 2, wherein connection or 
mechanical connection by a bonding agent comes to carry out integral moulding of 
said heating element element and said pole bolt for electric supply beforehand. 
[Claim 4]The heater element according to claim 1 or 2 characterized by coming to 
carry out integral moulding of said heating element element and said pole bolt for 
electric supply with an identical material beforehand. 

[Claim 5]A heater element given in any 1 paragraph of claim 1 to claim 4 being that to 
which construction material of said pole bolt for electric supply uses as the main 
ingredients at least one sort chosen from a group which consists of silicon carbide, 
molybdenum disilicide, zirconia, and lanthanum chromite. 

[Claim 6]Construction material of a sintered compact board made from said ceramics 
Silicon nitride, alumimium nitride, A heater element given in any 1 paragraph of claim 1 
to claim 5 being what uses as the main ingredients at least one sort chosen from a 
group which consists of mullite, alumina, a KOJUE light, sialon, magnesia, zircon, 
forsterite, and a steer light. 

[Claim 7]Said sealing material Alumino silica glass, barium boro-silicated glass, boro- 
silicated glass, Soda barium silica glass, lead boro-silicated glass, zinc oxide-boron 
oxide-silica glass ceramics, A heater element given in any 1 paragraph of claim 1 to 
claim 6 being at least one sort chosen from a group which consists of zinc borosilicate 
glass, natron English glass, and yttrium oxide oxidation aluminum silica glass. 
[Claim 8]A heating element for heating arranged in a chamber for heating and this 
chamber at least is provided, Heating apparatus which is the heating apparatus using a 
heater element given in any 1 paragraph of claim 1 to claim 7 as this heating element, 
and is characterized by attaching a sintering plate made from said ceramics to an 
outer wall of a main part chamber of heating apparatus airtightly via an O-ring (0 
ring). 

[Claim 9]It is the substrate heating device have the following and using a heater 
element given [ as a heating element plate-like / this ] in any 1 paragraph of claim 1 
to claim 7, A substrate heating device, wherein a sintering plate made from said 
ceramics is airtightly attached to an outer wall of a main part chamber of a substrate 
heating device via an O-ring (0 ring). 
A chamber for heating at least. 

A substrate supporting stand arranged in this chamber. 



A plate-like heating element arranged at the rear face of this substrate supporting 
stand. 



(i9)H#a#fw (jp> 02) & m ^ |^ & # (a) (ummmmm 

^112001-181047 
(P2001-181047A) 



mm H 7 j j 3 13 (?,001. 7. 3) 





SPOT pi 1T7 


F I 








HO 5B 


3/14 C 3 K 0 9 2 


LT fl C D 0/l A 

rt u o jd 0/ ifi 




C 0 4 B 35/56 1. 0 1 C 4 G 0 0 1. 








OL (£ 4 H) 


fon f^mfa£& 


1?WT 1 1 00*1 uy 


(71)tfJ@iA 


000219750 
















j^fsiriirixeiftir 6 r @ m# i n 








m mm 
































XAsmgBi&rft 6 rsi4# i n Mm 














(74)ftfflA 


100071663 








#«± mm wi«) 











(54) JKtetfV>*SMM* 



(57) [Sft] 

[ jB^Sl 56S&i5*TOftHS i Cs^fesfirO, SIS 

Alls i cos i cwt^w&m^wmsz, a 1 2 o 

3 #5 0~8 0wt%, CaO^l 0-3 5wt% s Na 2 
0#2~10wt%Olfi|ftfr&fc*Al, Og /CaO/ 
Na 2 OS^jffljjJt^^S-frT^ik^mi:^ 



1(2) 001-181047 (P2001-181047A) 



mm 1 3 mfflmmms i c o , 

MSic^si cmWM&Wvmiz. a 1 2 o 

3 50-80wt%, CaOl 0—3 5wt% N Na 2 02 
~1 0wt%<Offi^*^^l>A 1, 0 3 /CaO/Naj 

o^m%^#{fs§^T*i. n t mmttt mm 

[00 0 1] 
[0002] 

mmmamt bxmztix^*. 
[0003] jttkm*0£tt#t*s s i cmmmi 
mm^&frmm%£te£^x, o>yh\ 

b & fc-^jJfS W^KfcjSJg t , mm ixmML 

t&nm, s i cfMtmcou^m^mmi, m 
mzm&xmmifzms i ^mixmrnmi, m 
t s i <^mm-m^Kmzx -ox^Mbtzs i c?)z& 
tt^Ffei o s i c«&**^$-frsjxje«aijfe, 
mmmm^^mmsm. zwrntz Diet 

[0004] zcoo-tb, wfa&mm^mmmmi s i 
c^*^^am yy-m&ix. fmmmzm 

h'omM-iS^Mil^MAi^vw. «]*&**< , 

[00 0 5] 

«#LfcJ«WI* 2 1 0 0^cm±C0iSST«atT, 

j; vmmm: mrtt-tx zmx , s i c 
jssii* dwfcw^ mmmmms i ct^p t s 
mwm^m^nmmmjmt&mx%< , -ft^w 

[0006]^^^,£«Si ctffmatt&flftttfe 

^mmzit^xmim^mmm&^tzMz^ m&mz 
mmmzntzt^ztezm^mm-M-ztixgik 



[0007] 7 7t=5ri^An^>^ 

mxuzm-k^^zx o s i c?i^p«^ 
[0008] *hbm^{4, hs h W)s i am*** 

ffi&ttfcffijfct* s i cii^o^^^fflt, a i 

, 0 3 fcCaO#J;tfNa,Ofr6&4fca<|J^*;W 
[0009] t=5r^*>s *^»tlJE<^UltellKJV^T 

thc\t\<zfoh. 

[00 10] 

«rs i cfrhw. m&ms i cc^s i cwmm 

£g|5?)||ffifcA 1 2 0 3 5 0~~8 0wt%, CaOlO- 
3 5wt%, Na 2 O2~10wt%<7>ffljfc&»6&&Al l 
0 3 /CaO/Na 2 Oa^-|Mft&tf0i§€T=5r§£ 

[00 11] 

m->xmmti&. mmmttzs icm 

Ts WflcOJ^fcfWfft. 2 1 0 

om^swdi tTMwiti> £ t izx 

msicfm/Mfflhtii. 

[0012] zcox o fcixmtitzimms i cjs 

uzwrnrnfrhtt:*) x s i cs^-ia^s^sB^jzwc 
oaawtasfttifcAs as 1 5-3 o%@som$ 

\&m#&mfrt>ftto£&Ki>Xs 3Lizs i cm-® 

[0013] *^BJco^-fbftv«^*{i> £«S i c 
fM1^IS^r§li^ffi{^ Al 2 0 3 5 0-8 0wt%, 
CaOlO — 3 5wt% s Na 2 O 2~1 0wt%c?)$M^ 
6*41BJ)6tttJJ:WB«rttfc»ifeAl, o 3 /CaO 



1(3) 001-181047 (P2001-181047A) 



/n a 2 ommmtom&z-tfcmmmk. itz c t 
mmm^\t o 3 *±mi\,.nw\m*tt 

4*f4fc»fcttB"t4CaO, 55fc, S i CSfflaoiB 
4Al, 0 3 /CaO/Na 2 OjJi£*fiJ«!fc<9j£#*5 «t 

vwm&mzth £ t £ <* o * mm, mmm 

m&zLtzh<nX-fo&> 

[0 0 14] mtmtlAl 2 0 3 /CaO/Na z 0« 

^w^i»^&±iBjeffl^^ti»a*«is ai 2 o 
3 mmttf 5 o wt%*p*c* h t mmmzg o , 
8 owt%ftj«i* i s i cn^mcD^mtmiaM* 

ffiTU afcffigMfcttk^ifci:**. CaO 
ifi 1 0 wt% £TH1 h t < s 3 5 wt% 

£±0SfcififMttfli£T£fB<£fcfc£D, Na 2 o# 

[0015]^^;:. *%BJ^ttm«MW* 
HKsfaSS i ccos i cs^co^^HM^, 

Al 2 0 3 5 0 — 8 0wt%, CaO 10 — 3 5wt% s N 
a 2 0 2-1 0wt%O|flj^*^^|.»fi14*3 ( J:VWMtt 
fcftft.fcAl 2 0 3 /CaO/Na 2 OM^Bm^m 

[ooi6] *%m<Dmtmwmmte, a i 

^$€fc*#f^7/u$ tV/WCC a Ofc itf N a 
2 co 3 ^tm&M^UTWSltfc^iSSR. *>h\m 

A K C a^iV'Na^K^tt^^Hff^COfimtii 

cjwm^su wilt, sicem^ 

Ui^COmiZA 1 2 0 3 /CaO/Na 2 O^M 

[0017] sfejikaji i 3 o omh<oajBtc4B«Bfii 

±ffdii:*Wtt<, iWiWSlfciOAl, o 3 / 
CaO/Naj OWMKWS i CS^fk S i Cfi 



SW)$S-£g|5?)S i C<r>-M£>mitZtlT S i 0,# 
tetfrlifi. ftlRLfcSiO, (iNa 2 OkkfcW^ 

[00 18] 

MM] OT, *%^<0lllt«fttt)RWk*fJktTft 
[0019] tt&fcj: o s mm 0», ^iJ^2 5 0 

nmu W«SPOSigP^#2 5 Oimiu ££7 5 0imO#$cD 
[00203 

i^»tV^a#=0%Mc, Al 2 Og ft&6 9 
wt% s CaO»24wt% s Na 2 0»7wt%OM^ 

TiHw-L, 4HWH**»llbTfl«W: 
*#Stf$££MU «H*bfc<0fc, 1380TO 
©m«LT. 4H§ISfc#U:. icoWMfciDS 
i Cfflffl<m$M<7)&fi£. A 1 2 0 3 /CaO/N 

a 2 o*^»fi!ft*wiB$^T, ^mmmmmm 

[0021] mz, m&mmmmizmmm 
mmt&tzwz, ^mm\mmmmmmm 

^fc-b-y h U ^#HM^^iT, &ftWJ£l 3 0 0 

[0 022] JtKWl 

fc. i zcot tmvzmm 

mim^mmmiz^x , mmmi im-comx 
m-kmrnwrn^zmtm^mmmi^tz. 

[0023] it»2 

fc, tf^Xffa-K S i 3 N 4 3 

-k sica-h*m&itzmmmmkmz-> 
v ~>T , nsfe^j 1 1 n-comx°m&mzmmt / z& 
mmmwmmitz. 

[0024] zcDm)pmmcDwmzm&mm^m% 
tz^mmnz^itz, 

[0025] 

mi] 



!(4) 001-181047 (P2001-181047A) 







mm 






4 0 % 


3 5 % 


6 0 % 




1 0 0% 


8 0% 


2 0 0% 




5 0% *1 


5 0% *2 


1 0 0 % *3 



*1 #9Xlt3-b 
*2 S i 3 N 4 3-b 
*3 SiC3-b 

[ 0 0 2 6 ] & 1 <0*S**»4> s 1 <0JWiSftl>*» 

JRfttt, **8Wfc , Cfc*JtlRW 1 tJ J: Va- hiftT*S 

mmzimx \^zt mm t>tn. 

[00 27] 



fWcMttf, *^*#Jfr*-*WliiMts i c<os i c 



% N CaO^'10- 



cfflfc, A 1 2 0 3 
-3 5wt% s Na, 



#'5 0~8 0wt 
0#*2~1 OwtCO 



|)W»^iAl2 0 3 /CaO/Na 2 O^ffl^ 



7ny h^—WMZ 

F?-A(##) 3K092 QB09 QB62 QB74 UB01 VV09 
4G001 BA01 BA03 BA07 BA22 BB01 
BB03 BB07 BB22 BC17 BC33 
BD22 BD37 BE26 



US TO z*t m -r w 4— t5iy^4 



® &mmmmm&m < u > ¥4- 81 934 

®int.ci. 5 «g!iae# ftftfemm @&m ^am ^0992)7 a iob 

C 03 C 27/12 M 7821 -4 G 

m ¥2-124912 
@& m ¥2(1990)11^260 

is a & 5C & w 2. ®m\mimfimm)\\W72&M 



\ 



m m % 

i tz & t> -y- if 7 * m \z * k\ x s ±&tpmmo-m 
mmznm fax <dmk ® v * z t%®WL± 

308 
XR4- 81934 



A' l?FJ ^ /1j T W 4— tSiyc54 



% it t ft 0 > n»^^©*l*T?«»rLfe«)^ iZJ Bfr 

2f c © s * &u P ® m ift} $p 

o%mm ®%m nm&% 5 4 x *im55© 

Z <D X 6 ft is X r A Tf tt s - « K <S V> I! ft » $\ 

- 2 — 

30B 



■I 

• V 

t- + & \i & & g # & «5 s 7>7^f*#5*iiic 
* & <o So ic IS #»fc*tB*-*;:£W;«FSL 

x^s-Ets-rtitf, r > 7 + <* s t ^/ 7 ^ ^ c s 

# sp k s a* * & c: <t # a < . 

testis r>Ti-&if?xu s rpmm 
mT»&mtsti, mmmzm&t a z t a < , @ & 

— 3 — 



310 



jx m ^ m t- w — o 1 y 34 



51 m L *0 - * » ic R|- lift 

E«fc<fc&*W£*j»ft-*-"<< * 5 ft 4> <B 
* * £ W ih L s »t&*#R*-*«fc-5i;:Lfcc:i 

wot ? xotpffimo-mizs mn&&mfr ?>u z> 
r > t j- zmi&i ^ c cd t > r © — yj o 51 £ ttj 

© ® IS: z t T * -5 o 

— 4 — 



311 



_t E ^ It «fc ft «\ T>x^<D?|{tlL||cD-^ 

a<7>7 t *©£g»£ii-i8K39:tt£ft*t>^ ft 

# 0 51 IB t Hi* s *M*1SLT*«©S^ 

* IE ffl ^ . &30tt8S20O3-3i|&i£*»r®EI > 

P IS: h ft ft ± T © u - ^ K a & t . mm®* 

T # 3 K I* # >f K 5 *< R # & ft T S „ & *> & 
^7^6ii N ^3gI(O^<2tJ(0^^7X7, 8 S 



- 5 - 



312 



OTJ ^: /tl -T U% 4 



— t5i y^4 



d © F*3 © * Pel g 9 * g tt -5 o 41 F| § 9 li P V B 

1 0 £ S 12 f £ 0 7 > 7 1 * 1 0 Ji #| ^ MS 
0. 1 lmmOS||0<S!01 H<fflV^.H, «ft 
1 1*5/- h^4»P 9 1li9cD~®9-llcPi#L s 
-^TCD^Idit^l l-l££CD®9~ltD±$^ 

«Efi^f^«=»4l*tttc«I5iL N 7 > x * 1 0 co 

£ 1 l-20«tfffl©lfvf-tt > 0) tf 2 m m 
SIH, 3liUL*ll-:U-S«S«ll-2 

7 > <r * 1 0O?@#iCDSpi 1 - 2 CO « ft #J CD 

- 4 £ E 1$ L N 51 tU L « 1 1-4 (S, ± ig L fc 31 

— 6 — 



313 



& L $ 1 l-l±3Ffr**o ft ^> T , 51 tH L mi 

* C * s 51 tB L * 1 l-4££*T<?>*p<$i$f- 
£ 0 BP 13 . *3Bfc**J;$i;:* ^ £ $ l i - 

2 <o**# i i - s *m®9 <D±m®tt i i 

rs^#J©®9-2{c:#tii^^ 0 # ft i 1-6 

fcU Mlzm9~2i:¥ntZ>&olz$t$il, d CD 
fcfc»*«*5lfBL|*l l-4^c|3p B 1li9cDfte^cT) 

< Lt, 51 ft L $ 1 lHli, flb iB 9 - 1 © 
ffli ^ § SP 1 l~2i7-y7'too|5|-®ftT ; F^ 

tKi^M, *IWl!9#ftftttT*sc:£* 

£ > *I & 6 £ £ « ft U 0 ftoTs 7 > r ^ 1 0 

t itti, fS)^lEI4il2ii5imL*8l 1-1, 



_ 7 



314 



a wj ^ m r W H — Oltfc*^ 



■C * & o 

jbi ± t ^ « & -5 ic * m k j: n «: v 

fflK7>Tj-%mt&tZ®'Vs 7 + I* 3Mc 

& tt » l54ro^"Pt)tti&r^«r*0^ « fig ± ft 

K * % m »* . ±f5L/cT>r^£LT, $ 3|s 
0 A £ ^ A £ £ ^ © §1 tb L *< ¥ & u m iw< * 

& # ^ x Pal K 31 & L SIK /^-^*»ILT^ 

- 8 - 

315 



T&iK^ffifrf&vzo-c^ />• ^ - > „ ?i m t sp 

& ft 7 >^±A*9 ^f7X|^it»ti5„ 
4. 0 ® © ffi # ft BJ3 

m<DiEmm^ % 2 mar y t i- <n$.xiEffim, 

9 (i * fi !£ N 9-1, 9-2Ji4 1 P^licDl N 9 - 
3 I* fi & SB N 10(iT>ft, 1 l«7>ft^ 
#§ & if * & # N 11-4 1* 31 ttiL*-C*So 



- 9 - 



316 



a iw ^ m r w q — o i y o4 






318 

mi- 81934 



ittj rn ~r UAt H — O l »04 




319 

mi- 81934 



<19)B#HMWW (JP) 02) & H fp & (A) <ll)W*flttH&W#* 

#$§2001-77183 
(P2001-77183A) 

(43)&M 0 ¥$13^ 3 £23 0 (2001. 3. 23) 



(5i) intci. 7 wsmn fi 5^3-r(##) 

H0 1L 21/68 H0 1L 21/68 N 

P 

R 

B2 8B 11/00 C0 4B 37/00 B 

C0 4B 35/622 H0 1L 21/205 

# M&nafts ol (± io jo jft»Hte«< 



(21){HW#^ 


#$2000- 174568(P2000-174568) 


(71)tHBBA 


000000158 














(22)m§iH 


¥$12ip6£ 9 0(2000. 6.9) 


















(31)*jfe*|^!R»9 


PCT/J P9 9/0 3 0 8 6 








(32)flS5fc0 


6 £ 9 0(1999.6.9) 








(33)^5fe«i®B 


(BP) 




tf/H iEftl 




(31)&ft$£«#^ 


♦HHW- 182583 




«fi«»S8»«swii»trjt^i-i 




(32)«5fe0 


¥1*1 1^ 6 £ 28 0(1999. 6. 28) 










0* (JP) 


(72)8$# 






























(74)ftSA 


100080687 










#«± /Wll «U W14S) 
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mtm i ] tm^y s 7 ^mmco^mz, mm 

[11*112] IftBWMi, BfiBT^WbJt (m 
fls<0fg/^*<0J?§) #'10-1000 OcOIFWfM 

?$. 7 

tt-C* S £ k £#$it!>iira 1 * fcl* 2 \zim<K*. 

t * #©t t i*mmm ■ mmsm ? s 7 ? m. 

<J> Hz 9 S >y ?«H*:£l8$l,T-fe? 5 >y ?«ttt/U 

-yy-h£f#sig. 

So 

xhmiz i/o^v^y ~yy- b k i tfejjLtst 

• ^y~yy~ho«m£»JnJ±LT/'j~yy 

7 J: t^m^M-r sis. 

[fMH 5 ] wis® ifsn#£>ti&^~.x t mm* 

WvnktdiK- x y om* ix v vfcv \? y - y y~ h 

mom* i/i~i/ioo (ommt-ti ztm 
m* im&3 mm<o* 957 mummm* 

[00 0 1] 

wmmm 1 , t < iz^mm&mmt&tzMzm 
i>i»v^#m^A'7^^ T >xyNrp-A-^v> 

[0002] 

[$*?>$« ] ^wmshnzm i>tix \ ^mmmm 
lis y u 3 y v-±tcx 7^y/y y*x h k lts 

iRS^i^HMT**. £<>>$&£*$ wc, yuny 

>>xA^^ffifcM^§ fL/ifria^tt«i, sum 



7 h7V-b<9±fcmSLT»tS£kk:J: Off*xh, 

-wmxvhru-h, wht-fk ix mm 
(r/ks-^AR) frt>%mM<Dmm mm) \z$m 
mm%Lfzi><n%b' mm § n x ^ & . 

[0003] 

[ 0 0 0 4 ] *3t, asKfcWtt^i^fc moats « 

mcDmtizm&izm.mr, mmmmmmv uz<^ 
b\^r$mt>fo~??z. 

[0005] ztimimm. j&twmtiztmt 

9 88570^ (^B!T6-1 7 723 1^^8) ^ff 
^¥7-5073 6mfflWC\Z. S^tr/V'S-^A 

mmzuft IX&& b s ^x;n^ mm u»tsff 
sis (Jpm fc, ^l^w^-y^^*t^§ 

tlfz s V 0 (Oh !>&g#flj#£ 1 1. £ b tfbfr 
[0006] t£T\ *J8W<OBW»4h »«^-r 7 

h, HBfe^xy^nB cmm) mm mem 
m-mm*t&zbtfx*$ h*mwm ■ mmm 

mm, m<xm^±. mmmmimm^Mzm 
w&mizimizBmz-iti £ t s-t 9 s 7 

ft) £ k Sid fctl>^fe(c# 

^ ^<7x; \rn-y icoi^umm^ \zmxh i>colt 
HflW4£kfc*4. 

[0 007] 
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Wrfh ZktfWhXhh £ k tfhfr^tz. BP*>, *%ffl 

tt, mm* mm*z 557; t wmm 

* 9 5 >y & * & jeans* mmmmz , m 
mmnmmik znx^&tMz, tmnmm. 

[0008] fwfB»€#:}4, WfflTX^^ Mb GfcSfeft 

con/WfaofltS) #io~iooo ocom^mm 
[0009] iwmts^x. mmnmz. t-*- 

[ 0 0 1 0 3 4fcs aMWBte*»*»4imE-fe9 § 'y?3s$ 

• MibtJ* Ml** 5 5 y ? 4 fci4®Htti 

* 5 S >y (OS* * fifcffi? LT HflflU-fe 9 § y ? 4 fc (4m 

«* 5$7^ mmm? y-yy- h mixn. 

© ±ia^y-y^-h<0V^^&< k 

(c , ^JBEStf & k" & & * b & EpgiJt S X 

Us 

»tSXgs 

• /J-yy-bcosi$£»Jni±LT^y~yy 
-h&£v ; mn^-zh$:m&i-z>z.tiz£t), ^95 

•y ^«Kft 6V(ciWflc8r»«1-*IiB s 

y ? , «>XA7o *ffl<0* 9 5 y ? £ k t !» £ k # 

[ o o 1 1 1 **j , fna® ia"c#&ii* h 

X@k NSIOXST'ff^^^^-X bSrEPlJLTV> 

iJo/ u - y y- h co«<oJt*£ l/i-i/ioo 
<0tBBflkri>£k#W4U\ 

[0 0 1 2 3 HK*9$«y?aiKli, 0. 5-5mmfg 
*#J:V\ tC'U #tri>kMjlL^t<&l>. 

[00 13] 

[IW^»0^li3 :*^tato&>4*9$ y 

tt s *>yw-b, ap^t-^coffi, ^yy^mm 

#h 1TH4* -y b h , mt>^y 5 >y ? t-^coM 
-e<0-fe9$>y?t-?(4, t?S7 

smb** 9 $ >y / mm-t 9 s * ? 4 ^gMta* 9 

¥T'$> <o#«f>k W* tf t (O^zh otli 



»*Sr, fI*9$y?S«cO«0, 

[0014] *jwBte*v^r s fria^9 s 7 ?»oat 

Wk UTs ^«*9 S y ^ % ^ft^9 5 y 9 titit 
I»-fe9S y^tifBLJta*!^ iil^O-fe9S y 

^^±d^«»tT»B§^-fe9S-y^*« 
§tW>tV^tTO§, Whs K-fe9§y^»K 

[00 1 53 **, HUlBS«-fe9 5 >y ^i4, mmt 

&mmm±5$v?. mix* mmm^ m 

*?y*S/T, TJV$i~, y/kn-T, 3-^" 

X9^fh, A9^fb, *?-7fr$>m$tL&-WJ±t: 
fflVM) i t tmt l V \ i flfe<0*9 S >y ^ co* -CSft 

[00 1 63 fcfes W*557n-^ltli 
Wffl^^M¥-C* 4 ^c0^ft*S-3Smi*li5^«fft1- 

S £ k !» . m s %com k LT (4 s *«(0-7j 

<offl (3dw tph5o%imts 9 9%tx»(oimb 

tw miz^ 9 9%$Mt&bmm&mz*wmi 

ix, w^~&imt&frt>x'b&. 

[00173 iH^i^m^M 3 mmts mmrx^? 

Mb (WkW<vW>/Wkfa<?)W- §)T"l o-ioooo 
(OlEBI^^t J; a lz ltzz\ k fc J; 0 , Brffl**JtPJJ^R<0 
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to, *9*F*UVT;W l>Jt&5 0~5 0 0 0T'& 
(#*Jfl:TW 5 -y ^^*Wii*9itef ^150 
[ 0 0 1 8] &*5, fflB^«c2tt, 

Mx-h m*)s nmmib t v ^*fSP3j^»fw*c*> •? t *> 

k * * tf>$88M*tf) Wfflff^»&«C«-e$> o fc b 1 X 

wmmwm^b^\^<ntti;hfyi>x'foh> 

[0 0 19] lufaM^ti:. Hi, 02fc*-f J; 3 

&zbfrh. m vww w ~-v\z~$h n t mmxh 

SffifflFJttJWC, 1 — 5 0/zm s (g{i5~2 0mmOM 

^mmzi-hc\kmmu\ mz. mz^cox^z 
i>mmtEfrt>x*b&. aa, mm*, mmm 

[0 0 2 0] *tit s zcomfc2<r>m Ifg) * 
±fB<D A 3 fc|»e*4tttffll|i|»i, ^#:g*cofa&fe 

mm i ort«fe«»tfc«^, mb i atmw 2 1 

m&zthc\bifiWbtiti>bx°]bh. m&2* 
mmnrnzmn t , mm*? 5 v tmtmmm 

<%&W. W, Mo5:^IiM 
Ji, w^Moft £<omWfoi®Kitl i k Sidle 

Z)^<i-&c:ti>x-$l. 
[0021] :<?)»2lt 2^iJJW5ri*afc:«iKJB 

\mmzm&h x 0 tzm&ti& z\ t mt l < > jp 

x^i xdwmiznmtix^&zttfiit iw m 
i»s m^^MW$commmz%^x^mwx'$> 



[0022] *n^(ctjv^Ts mmm*, mmnfo 
itmu 1 m^mzmm-% kz\t, ±wm-m*% 

Ms mi ®m\%t-*istsh<otf--mx*h&. &m 

m-t LX\t, t^JB (Au, Ag, Pt, Pd) % W, Mo, Ni 

tphmaih^£< b «> 1 wxMtz.w zti^cD&m 
mmmituz< < , mti ^mmtm^t 

focommipmi$h&'>%< b *> liitiffiitj 

[0 023] ifl^JSS : P$>l»V^i#«tt-fe9$7^ 
»M1 0. 1-1 OOumX'fo&Zbtfmtl^. 

[ 0 0 2 4 ] mm^-x hizmztimmb ixiz, 

ii^Ji: L-Ttts -fe;wn-^i5r^*^ff /bill.. 
[0025] fcfc, -fc 5 5 7 Wb-j't*^ 
fctt, l^#:2^S«lorafcffMt^#^, BMEt 

[0026] zix, *7$v7MUi<7)fimzmm 
2 ^mitz^, ^m<D^bmmt&tztb^}v- 

iwiifc*^**. z\<7)X)v-*-)wmw<$, 0. 
)icD±%-£tfc\cDm%x'hM$, wmw±i^, ? 

mw^ybMzimth^uzxmid . 

Au/Ni-^A^)|h#tt8 0-9 0XAu, 10-2 0 
%Nibtlz\btfMtl\\ tiis ^»Au-Ni^ 

^Ji<oJ9S(i, o. 1-5 o umtfmti\<\ tmzm 
mt fc+mmtifrtoX'h t . 

[0027] *»fltrtt, <eWteJ6tT-fe9 5 >y 

i 6 ^sftaxx-fc < i k ^> h . ^m^ffc 

hbiznm, wm^tx, t-m<m&mm 
hc\btfx'^hfrt>x-foh> 

[0 0 28] 4fc, 02^1" J: dfc, -b5S>y^« 
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tlc\bi>XZl. 

[0029] mz, s -x ^ t-^<o«tt*ifete 

(1) S^-fe 5S7^ DM** 5 S <y 9 % b'co* 7 5 

vtmm'U yy-t$£vmtm-&ix?v -y 

J&MtV>S&if fcttflTeS , «B»(cjBfcT4 >y h U 7& 

Xii, TtVAJfrUyy, xf-/Hr;W-n-x, 7^ 
■tenV/W7\ jK'J t''~9wl^Mtmi>^&< k t> 1 

mxis—hmz&mixfv-yi"- b z 
lit h . mib?* u - y y~ h k % jgfSfcje tr y u a 

S&Stt£a*>Stf Doss 1 1 £i$(tT*K £ k#r& l> . 
;ti<^ams«$i m, ^y^y^mb^m 

ffl LTffMtS £ k l> . /U-y y- h^ff 8 
14, 0. l-5mmggW^ s 

[0030] (2) yv-y^-h&mfctbm'&i 
mnm & \ mmmm 5$7 nm^ttix & 

U 7"t>^', ilftzSmtt-fey S »;9Wtb ixa? y? 
xf-yt td&* v y'Tyomtwmmxfo & , mt i 

ym-ttzte^ u y'fyWf^^Wf-mt o . 1-5 
v m ifi x v \i tX § t %'x i> /J\ 8 1 wx i> b £ WIN 
U^VMfr&T&i. ^J^&^-XhkLTteU & 

mm^&tdmnm? s y ?m?s 5-9 7**35, 

U t-9-;V*»fe««r<t4i^fir< k *> 1 WlhwU y 

5-iofiMgp, f/i^e*-*s 
;W^SH'li^>^< k l afiLtojWKt 1.5-1 
0 iism t t fUS t £ * yfxry^-x bttd* 
* V 7"r>^-^ b tfMMX'fo I . 
[00 3 1 ] (3) 18(2) •CUkfut^-* hEPW^'J 

-yy-hfc, X8(i) kR«oi8-c»^*i>t^-^ 

v-yi/-b%&imizmmti$r$te, (2) co^- 
x b-o # y- b com (tmmmcomm m 



S^3(4, ±IIfc2 0-5 0ft, TMfc5-2 Oft^^if 

(4) ±iB^u-yy- h«*#:^»jDJEtT^u-y 
Xt/m&WUJM : «rc7)X8fc*5v^s JnMSJK 

tt, 10 0 0-2 0 0 O'CC, Jnffl41 0 0-2 0 0kg 

[ 0 0 3 2 ] (5) fttttC. ]Rft^«ttfe|^^-^ h 
T U 7 n-t I. . JP^S^tt 2 0 0-500 XSWKfC 

^*t<7)r B 1fcf?m^^ -y^«S(H^&^) ^)fML 
[ 0 0 3 3 ] tLh, ^»ftS3t ■ ^Sgfiffl^7 $ y ^ 

^>y^ioi bixmm*t&. *<Dwmtix<vsm 

[0 0 34] H5{4, f«^>y^fctTfflV^tLl>-fe 

7S7 ^^tl^fcjj%t«WfiiiBrc*& . -^f?m 

f-V>y^ffl^-fe5S<y^S^T14, -fe7$ -y?S«10 
I*li5fc^^ -y ^jE^«S1 5 2, 53 Ztl 

?hz)v-*-)i5 6, 5 7btm^ti, ^comm^z 
•fe7 $ v?mm5 4iffi&ztix\^. 

[0035]-*, 5 v^«Ki<ort*feii, ffim 
5 5 k 5 8k *<|g{t<otls y'Jay 
^xy^MpM^^Ma^M-ri. £ k I) 

*, m-hmmmmmmx ^ttdib, ^\-^it 

[ 0 0 3 6 ] *^{c*»*»S^f^8Jt ■ t^S^ 

rmmmn. mcommwbix, tf-vnmr 
yybmmmmtzim^zit, w\ru^m bi 
xmmtz>i>c7)mi>tiz. 

[0037] @6(4, VX.J\7°tl~rt*ffijfc?&*7$ 

y 9m.<o-mmmmm^mz^Ltzmmx'hi. 
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« 1 <D||ffi(e s |s]4>Hff;»v«6 2*ggjS$n& k k *> 
««a»<0®gi?L6 3fflkVt>tLX& 0 , UB»6 2 

4fcJ6tf>* A- -y ? h «y 6 4 #HJ#Rfcy& 

[00 38] 5 >y ?m. 1 rt<0«WBf"Y 7 

? h y 7iti 6 4 1 nKMMcomm\ Mmm , y 

U 3 y ^xy \<omg£ 3 y h n-Wi fcibfc s Tfflll 

yymm 8 b immtix^l. d*>>x» 
7D-A102 XU, •fe9$y^aSKl«±fc^RHIffi^ 
^^n^y'Jny^xyN^isSUdl, coyyrjy 
t>xy n (crx ? h° y £f#^rn~7'#~ F ft, 

jus, £>ij±£ ran h a £ 

k #"*C # * ft*#tt Wtft-S i k ^ 6 . ^SXgfc 
[0040] 

[HfcfflJ Ml 1 (*9 S -y ? t-*) 

(1) aftr^s-^Att* (h?^vSL wifsi.i 

Aim) 100 fifti, 4 >y h U T (Bfcfltf y h U ^AO^ 
ks T=%li@ OAum) TfVlWUyf- 
n.5MM.U, 0.5S*aW3J;tfl -y'9J~-)V5i 

mm*. rtt-yv-YxMfoLxm 0.47mm 0 

(2) nflB/u - y y- b tsoxre 5 BfflitHt3-&fc& 

Wf-yy\iZXWM.Sm, 3.0 mm s 5.0 mmC0^##;^ 

xA-^eyfcff A1-&fc#>tf>jei?L 7 , fcit/^ 
#2 kSBW3 k *««t*fcft<ox;w- 7h-/Wfl£> 

(3) ^J&tfcFfcl Atmco^y^ry^-AM Htt^lO 

o u ;^v^ y^-3.o asas* «-r;w 

ttt-*»*|ft3.5 ^WJ0.3 S»g|$£*I^L 

T««tt^-X h Ak bfc. ¥ f3 3 /< m<0 

^y/xf ySi^ lOOfiftgp, T^U/Hv^y^- 

mo.2 mM.mn&ixmn^-x h b t ut. 

#me^-x h a ^ / u - y y- h ? u - y OT? 
W-y%ffi\^XQifflLti. fflW-y\Ml<n£ d 

-**-;W^?L 4 t^m^-x h b £ ^fH bfc (0 

-yy-h^±iu (wmt&m. rmfcisR* bo 



°(y 80kg/cm2 OjEEJrtfflWLfc. 

(4) 8tJftt&gss#x*'e6oo °ct-5si»jiu i89o 

•C, ffifilSO kgycm2 X'3 mm* -y g§ 3 

iiimcOg'fliT/l/S-^AKWSr^/i^ i^L^S:fl230 mm 
^PJ^fcfl) 0 ffi LTl*l§PfcJ¥§ 6 m m , f@10mm^^#: 
t«f*-fe9Sy^«0««»ktfc (03(a)). 

(5) (4) xwzWfcm, yjr^yvmx'mitz 

XWtM6cot:tb<7)WW>l 1 fctftftfc (03 (b) ) . 

(6) x;l/-*;-;k4c7)^MO-g|5Srx.<"0K'? 
Ts 04^1-J:d=5riail55kt, iCO[mg|5 5^Ni-Au 
^fc&»<$>ft4A*d*fflv\ 700 °CT'MU7n-LT 

a^)m<om^ysmmiti (03(c) ) . * 

^#ci2^3^"c^ti»^i^ii^ lv\ mxm 
mm"Z&frL>x%&. 

(7) ?SSMfflW^c7)Sic^mM6&»l lfcfflfe 

(1213(d) ) . 

[004 1 ] 2 (KftttV *fe «St 
-^) 

HWJlk»*^PJ«T-fcl»^\ ^mmi.O jurat) 
^WtV«*100 MAU. 77 V>W<4 y^"-11.5fi 

Y?9-7'V- FXBmiXmoSOimCDyV- 

yy-vmtz. msmswrcbh. t5S7n 
[0042] ibWi (r;ws-^A«SKt-^) 

l»k LTy 'J 3yrfAtS»tft-?OA«tffl 
V\ Jf§15mmOT;k5x^A«k$,TS^^#:^T^ 

^ fcSEESr WiD tfc k i h s SaKSKbP Jl *C-24 

[0 04 3]J:bWJ2 (T)l$~fmt~?) 

m*mzi&mmm 1 1 nmxh & t>K tjv 5 rm ( ¥ 

Wl.O //m) 100fi«g|K T^U/l/^AMy^l2S 

fc^LT4fi!c)f#:k ^^^j^»#:^1200 o C, JBE* 
200 kgycm2 f ^<y YTVXL, J?§ 3m^)T^^R 
«W(ct#fc. *fcs m^-^hblXli, Wffif& 
SjumcofyfXT-yfmoo MAM, T? U/l^A-f 

yn.9 sfigp, «-x;wb^-^«^3.7 sage, 

[0044]M«3 (SM&7*5-*A+Jiftt- 

^) 

a*WWi^»Jl kN«*C*S^ it^-xftf 
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[0045] mm a mt7>v$-vj> w$ 

[0046] mtfcffl3 

<r)^<r>X*\i&<, DffflS:S§20/xmXitMl00 jumCDJEJj 
^ (TX^hJtl) bltz, 
[0047] HJIM4 

**6^JW^»J1 fc|B]«T$)&^\ T 

1i60mm (7;W bJtl2000 ) k US. 
[0048] TIS^ 1 fi, *%BJbfe9 $ >y ? t-? 

mom (ad zmitim&m&ttf. *m 
mi ] 





«#n*n <#> 


mm cc) 




0* 5 


8 




2. 0 


9 


mmm 


1. 6 


1 5 




0, 8 


1 8 


jt«« 1 


2 4 


1 5 




4 0 


2 2 




2. 0 


2 0 


it««4 


2, 0 


1 8 



[0049] mnm 5 >y ? ) 

(1) mr/bS-^Afft* ( b?-MtSL WSgi. 
1 Atm ) 100 -ivhVT (¥mm : 0.4 u 

m) 4fiMgp, r?v>wwym.mm. mm. 

-TV-H&fcJ: SfiS^fctfo-C. WS0.47«tf>/y- 

(2) zwv~yz/~h$:8ox:x-5mmm^ 

AVf-y^fci^EfSl.S ram. 3.0 mm s 5.0 mm 
k »f & fcttox/k-*-^ k %&mm 

[00 50] (3) TWFe i //m^^ y?x?y$- 
aM bfi^lOO SJtSB, 79 U/WR^-f y?3.Q MM. 

a-r;kb°^4--MM3.5 fi«gB£ 
3 fflMte«£LT^^-X b AfcffflKU:. ^mt 

IIW3 ±tf#tt8iJ0.2 SM»*®^UT#*^-X b B£r 



MRU:. C^^-XhA^/U-y^-bfc^^ 
yS"-b KHI7 fc^ LW#W^-y*>^j; 

[ o o 5 1 ] § ^ 9mm=f^mmuzm)X)v- 

h * OTJ Wrv^y-y^- b £±ij (MOT) 

£8fJg u § ^ fc-e^±fc * y^f^-x b £ «J 

•c, so kg/c m 2 comvmixmMmnMitz. 
[ o o 5 2 ] (4) mz, mt&nmftzmmx*. 

600 'CC'S^Mit, 1890°C, J±^O~150 kg/cm2 

1 ) X'3mM*v bTVXU i¥§ 3iamc0S 
fc7;W$-^«ttftfcftfc. itl^230 napHKttfc 

-y 5 3 ^ftSSftT/PS -r> AWofflt 

*k Us. 

[0053] (5) mz s (4) xn^timm^, ?a 
^ym^xmmitzm, *?z?mmi, sic^tc 

J:l>7"5Xb»T'^fflfc^«M^/Sfe^J&?L (K 

ft :1.2a. M$ :2.0 mm) ^fftft/S. 

(6) 34>fc, x;b-* -;b*« § tiT V M> gp^Sr i. <" 

iiiv\ 700 xiximvyv-ixart-imm&m' 
mmt i v \ mmmmm-z z t vx* 

X"h h , 

[0054] (7) mz, ummcotztbnm&etmM 

101 oSBt&^TLfc. iOMf^y^li 4 0'Cfc 

#?a t/s t § omeauai ( at > as 5 ct-* ^ . 

[00 5 5]HftW6 (^xy\rn-A*) 

(1) ift7;^-WW(fnm WttfiH. 

1 Atm) 100 fiMS?. A vhVT (f%8fI0.4 /xm) 

7)ua~ji53mmm^ixntzm^mm. y? 

(2) jxfc. cico/';-y^bSr80'ct'5^^§* 
fctts ^y^ynzxmtibmx^bmm&tzsb 
cDX)]/-*~)mnnmL%wnz, 

[ 0 0 5 6 ] (3) W^|51 wmO^y/Xf yti~ 

am bWioo fi*gp s r^u;^AMyr3.o 
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frfow yyi.9 msm, « r^b^-^-~;H§^^3. 
Bttfc. /y-y^-M^ .r^mtt^-x 

— b*3«fc WJ* 5 § ixT v ^ y - y y- h £ 5 o & 

«JfLT130 °C, 80 kg/cn.2 0JEfcTHMW-*t fcfc 

[ 0 0 5 7 ] (4) mz, u(D»^l$^*T' 600 
OV?59mffiML. imC, JEEftl50 kg/cm2 f3Bt 
Pal* >y h7VXU ii§ 3 min^g-fkT/W 5 Aflftfflfc 

3oomm^FWcfc«y 

O^SStt, itflO.2 mm. $$0.2 

XT- F «® 6 7 ?)ffM&8{± , WMRgBii^ £> 1 mm s 

??y f€«6 8^ffMfia«, ^x^agffl*^i.2 

HUflB 6 7*5 J: y K«fi 
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(54) CERAMIC HEATER AND METHOD FOR PRODUCING THE SAME, AND CONDUCTIVE PASTE 
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(57) It is to provide a ceramic heater being easy in 
temperature control, thin and light as well as an electri- 
cally conductive paste for the formation of a heating 
body used in the heater, and is characterized in that a 
heating body formed by sintering metai particles and, if 



necessary, a metal oxide is arranged on a surface or an 
inside of a ceramic substrate comprised of a nitride ce- 
ramic or carbide ceramic. 

And also, a paste formed by mixing metal particles 
and a metal oxide is used as the electrically conductive 
paste. 
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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to a ceramic heater used for drying in a semiconductor industry, and more particularly 
to a ceramic heater facilitating temperature control and being thin and light and a method of producing the same as 
well as an electrically conductive paste used for the formation of a heating element of the heater. 

BACKGROUND ART 

10 

[0002] Typical semiconductor products are manufactured by applying an etching resist onto a silicon wafer and then 
etching it. In this case, a photosensitive resin applied onto the surface of the silicon wafer should be dried after the 
application, As a drying method, it is general to place the silicon wafer coated with the resin on a heater and then 
conduct the heating. 

is [0003] As such a heater, it has typically been used to attach a heating body to a back surface of an aluminum sub- 
strate. However, such a metallic heater has problems as mentioned below. 

[0004] That is, the substrate of the heater itself is a metal, so that the thickness of the substrate should be made to 
about 1 5 mm. Because, strain is caused in the thin metal plate due to thermal expansion resulted from the heating and 
hence the wafer placed on the metal plate is broken or tilted. Therefore, the conventional metal heater has problems 

20 that the weight is heavy and the volume is bulky. 

[0005] And also, the heating of the silicon wafer by the heater is carried out by adjusting voltage and current applied 
to the heating body to control the temperature of the substrate. However, this method has a problem that since the 
metal plate is thick, the temperature of the heater substrate does not rapidly follow to the change of the voltage or 
current and the temperature control property is bad. 

25 [0006] A primary object of the invention is to provide a heater easily conducting the temperature control and being 
thin and light as well as a method of producing the same. 

[0007] Another object of the invention is to provide an electrically conductive paste for a heating body having excellent 
heat generating properties. 

30 DISCLOSURE OF THE INVENTION 

[0008] As a result of examinations on the above problem included in the conventional technique, the inventors noticed 
that a ceramic material having an excellent heat conductivity, particularly nitride ceramic or carbide ceramic is used 
as a substrate for a heater instead of the metal such as aluminum or the like. There is found out a discovery that such 

35 a ceramic substrate does not cause warping or strain even when it is made thin and can rapidly and easily conduct 
the temperature control and particularly it is excellent in the responsibility when the temperature control is carried out 
by changing a voltage or current applied to the heating body. And also, the inventors have found that an electrically 
conductive paste containing metai particles has generally a property of hardly adhering to the nitride ceramic or carbide 
ceramic, but when a metal oxide is added to the electrically conductive paste, the adhesion property is improved through 

40 the sintering of the metal particles. 

[0009] Under the above knowledge, the invention has been developed and the construction thereof is as follows: 

1 . The invention is a ceramic heater comprising a ceramic substrate made of a nitride ceramic or a carbide ceramic 
and a heating body arranged on a surface thereof. 
45 2. The heating body is preferably arranged so as to embed a part thereof in the ceramic substrate. 

3. The heating body is favorable to be made of a sintered body of metal particles. 

4. The heating body is favorable to be made of the metal particles and at least one metal oxide selected from the 
group consisting of lead oxide, zinc oxide, silicon oxide, boron oxide, aluminum oxide, yttrium oxide and titanium 
oxide. 

so 5. As the metal particles, It is favorable to use one or more of noble metal, lead, tungsten, molybdenum and nickel. 

6. The heating body is favorable to be covered on its surface with a non-oxidizing metal layer. 

7, The heating body is favorable to have a sectional shape that an aspect ratio at section (width of heating body/ 
thickness of heating body) is 10-10000. 

8, It is characterized in that a flat heating body having an aspect ratio at section (width of heating body/thickness 
55 of heating body) of 1 0- 1 0000 is arranged in an inside of a ceramic substrate made of the nitride ceramic or carbide 

ceramic. 

9. The invention is a ceramic heater comprising a ceramic substrate made of a nitride ceramic or a carbide ceramic 
and a flat heating body arranged in an inside thereof, wherein an arranging position of the heating body is a position 
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[0026] Furthermore,.the thickness and width can be made large when the heating body 2 is formed in the inside of 
the substrate 1 , Because, when the heating body 2 is arranged in the inside, a distance between the heating face and 
the heating body becomes short and the temperature uniformity of the heating face of the ceramic substrate 1 iowers, 
so that in order to uniformly heat the heating face, it is required to widen the width of the heating body 2 itself. On the 

5 other hand, when the heating body is arranged in the inside, it is needless to consider the adhesion property to the 
nitride ceramic of the substrate or the like, so that a high melting point metal such as tungsten, molybdenum or the 
like, and carbides of tungsten or molybdenum can be used .and hence the resistance value can be increased. As a 
result, the thickness of the heating body can be thickened for preventing the breakage or the like. 
[0027] The heating body is generally rectangular or ellipsoidal at its section, but it is desirable to be a flat shape. 

10 Particularly, when the heating body is arranged in the inside of the ceramic substrate 1 , it is essential to be flat. Because, 
the flat sectional shape is easy to dissipate heat toward the heating face and hence the temperature distribution is 
hardly caused in the heating face. 

[0028] The aspect ratio at the section of the heating body 2 (width of the heating body/thickness of the heating body) 
is desirably about 1 0-1 0000, preferably 50-5000. When the aspect ratio is adjusted to the above range, the resistance 
15 value of the heating body 2 can be increased and at the same time, the uniformity of the temperature distribution in 
the heating face can be ensured. 

[0029] When the thickness of the patterned heating body 2 arranged on the surface of the ceramic substrate 1 or 
inside thereof is constant, if the aspect ratio is small, the transmission quantity of heat directing to the heating face of 
the substrate becomes small and the heating face has the same heat distribution as in the patterned heating body, 

20 Inversely, if the aspect ratio is too large, the temperature in a portion just above the center of the patterned heating 
body becomes higher and finally the same heat distribution as in the patterned heating body is formed in the heating 
face. Considering such a temperature distribution, the aspect ratio at the section of the heating body 2 (width of the 
heating body/thickness of the heating body) is desirable to be within a range of 10-10000. 
[0030] This is due to the fact that when the aspect ratio of the heating body 2 is made to 50-5000, cracking or 

25 peeling due to thermal shock hardly occurs. 

[0031] Moreover, when the heating body 2 is formed in the inside of the ceramic substrate 1, the aspect ratio can 
be made large. However, in case of forming the heating body 2 In the inside, the distance between the heating face 
and the heating body becomes short and the uniformity of the surface temperature lowers, so that the heating body 
itself is necessary to be flat shape. 

30 [0032] In the invention, when the heating body 2 is arranged in the inside of the ceramic substrate 1 , the arranging 
position of the heating body in the thickness direction can be made eccentric, but it is desirable that the eccentric 
degree is a position from a surface of the substrate (heating face) to more than 50% but less than 1 00% because the 
temperature distribution of the heating face is prevented and the occurrence of warping in the ceramic substrate can 
be controlled. It is preferably 55-95%. 

35 [0033] And also, when the heating body 2 is formed in the inside of the ceramic substrate 1 , the layer forming the 
heating body may be divided into plural stages. In this case, it is desirable that the patterns of the divided layers are 
formed so as to supplement with each others to thereby render into a state that complete pattern is formed in any 
layers viewed from the heating face. For example, there is a structure that the upper layer and the lower layer are 
arranged in a checkered pattern to form a complete pattern as a whole. 

40 [0034] Further, when the heating body 2 is arranged on the surface of the ceramic substrate 1 , it is desirable that a 
part of the heating body (bottom portion) is embedded in the ceramic substrate. Such an arrangement of the heating 
body can simultaneously realize the improvement in the resistance control of the heating body and the improvement 
in the adhesion property to the ceramic substrate. 

[0035] There is described an electrically conductive paste used for the formation of the heating body on the ceramic 
45 substrate below. The electrically conductive paste is usual to be metal particle or electrically conductive ceramic en- 
suring electrical conductivity, or a mixture with a resin, a solvent, a tackifier and the like. 

[0036] As the metal particle, use may be made of one or more selected from noble metal (gold, silver, platinum, 
palladium), lead, tungsten, molybdenum and nickel. These metals are not relatively oxidized and show a sufficient 
resistance to heating. As the electrically conductive ceramic, use may be made of one or more selected from carbides 
50 of tungsten or molybdenum and so on. 

[0037] These metal particles or electrically conductive ceramic are desirable to have a particle size of 0.1-100 |xm. 
When the particle size is too small, the oxidation is easily caused, while when it is too large, the sintering is hardly 
conducted and the resistance value becomes large. 

[0038] The metal particles can be used in a spherical shape, a flake-shape or a mixture of spherical shape and f lake- 
55 shape. Particularly, when the shape is flake, a metal oxide mentioned below is easily held between the metal particles 
and the adhesion property between the heating body and the nitride ceramic or the like is improved. 
[0039] As the resin used in the electrically conductive paste, epoxy resin, phenolic resin or the like is favorable. As 
the solvent, isopropyl alcohol or the like may be used. As the tackifier, cellulose or the like may be used. 
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[0040] And also, a metal oxide is further included in the electrically conductive paste in addition to the metal particles, 
which is effective to form a sintered mixture body of the metal particles and the metal oxide as a heating body, That 
is, when the metal oxide is interposed between the nitride ceramic or carbide ceramic and the metal particle, the 
adhesion property can be improved, Although the reason of improving the adhesion property Is not clear, an oxide film 
5 is slightly existent on the surface of the metal particle or the surface of the nitride ceramic or carbide ceramic, so that 
it is guessed that the oxide film shows an affinity with the metal oxide and is easily united therewith and hence the 
metal particles adhere to the nitride ceramic or carbide ceramic through the oxide, 

[0041 ] As the metal oxide, use may be made of one or more selected from lead oxide, zinc oxide, silicon oxide, boron 
oxide, aluminum oxide, yttrium oxide and titanium oxide. These oxides can improve the adhesion property between 
10 the metal particle and the nitride ceramic or carbide ceramic without increasing the resistance value of the heating body. 
[0042] The addition amount of the metal oxide is desirable to be 0.1 -less than 10 wt% to the metal particle. When 
the amount is less than 0. 1 wt%, the addition effect is not obtained, while when it is not less than 1 0 wt%, the resistance 
value of the heating body 2 is too large. 

[0043] Moreover, the mixing ratio of these metal oxides is desirable to adjust so that when the total amount of the 
is metal oxides is 100 wt%, lead oxide Is 1-10 wt%, silicon oxide is 1-30 wt%, boron oxide is 5-50 wt%, zinc oxide is 
20-70 wt%, aluminum oxide is 1—10 wt%, yttrium oxide is 1 -50 wt% and titanium oxide is 1 -50 wt% and the total thereof 
does not exceed 1 00 wt%. These ranges are particularly effective to improve the adhesion property between the metal 
particle and the nitride ceramic. 

[0044] Thus, when the addition amount of the metal oxide is adjusted to be within a range of 0.1 -less than 10 wt% 
20 per the metal particle, the area resistance of the heating body can be made 1 -45 mQJ □ As the area resistance becomes 
too large, the amount of heat generation to an applied voltage is too large and the control is difficult in case of arranging 
the heating body on the surface of the ceramic substrate. Moreover, when the amount of the metal oxide is not less 
than 1 0 wt%, the area resistance exceeds 50 mft/Dand the amount of heat generation is too large and the temperature 
control is difficult and the uniformity of the temperature distribution in the heater lowers. 
25 [0045] Although the resisting body for the heater has hitherto been considered to be unsuitable unless the area 
resistance is not less than 50 m£MD(JP-A-4-300249), according to the invention, the area resistance is inversely made 
to not more than 45 mQJ Dto facilitate the temperature control and ensure the uniformity of the temperature distribution. 
[0046] As another embodiment of the invention, it is desirable to cover the surface of the heating body with a metal 
layer. Since the heating body is a sintered body of metal particles as mentioned above, when it Is exposed in air, it is 
30 easily oxidized to change the resistance value. Now, the oxidation is prevented by covering the surface of the metal 
particle sintered body with the metal layer. The thickness of the metal layer is desirable to be about 0.1 ~1 0 jxm. Because 
it is the range capable of preventing the oxidation of the heating body without changing the resistance value of the 
heating body. 

[0047] The metal coated on the surface of the metal particle sintered body may be a non-oxidizing metal . For example, 
35 jt may be one or more selected from gold, silver, palladium, platinum and nickel. Among them, nickel is favorable. 
Because, the heating body is generally required to have a terminal for connecting to a power source and the terminal 
is attached to the heating body through a solder, but nickel has an action of preventing the thermal diffusion of the 
solder. As a connection terminal, there can be used a terminal pin made of Kovar. 

[0048] However, when the heating body is arranged in the inside of the ceramic substrate, the surface of the heating 
40 body is not oxidized, so that the covering is useless. 

[0049] As the solder, use may be made of solder alloys such as silver-lead, lead-bismuth, bismuthtin and the like. 
The thickness of the solder layer is sufficiently within a range of 0.1-50 \ivn for ensuring the connection through the 
solder. 

[0050] In the invention, as shown in Fig. 5(d), a thermocouple 61 may be embedded in the ceramic substrate 1 , if 
45 necessary. The thermocouple 61 measures a temperature of the ceramic substrate 1 and adjusts voltage and current 
based on the measured data, whereby the temperature of the heating face of the ceramic substrate 1 can be controlled 
easily and accurately. 

[0051 ] Fig. 2 is a partial section view illustrating a use state of the ceramic heater according to the invention. Numeral 
3 is a terminal pin, numeral 4 a metal (Ag-Pb) particle sintered body, numeral 5 a metal (Ni) covering layer, and a 
50 heating body 2 is constituted with 4 and 5. And also, numeral 6 is a solder layer, and the terminal pin is attached through 
the solder layer. 

[0052] Furthermore, a plurality of through-holes 8 are formed in the ceramic substrate 1 , and a support pin 7 for a 
semiconductor wafer is inserted into the through-hole 8, and a semiconductor wafer 9 is attached to a top of the pin 7 
protruding onto the ceramic substrate 1 adjacent thereto or at a slight space. In this case, the semiconductor wafer 9 
55 js delivered onto a transferring machine (not shown) or the semiconductor wafer 9 is received from the transferring 
machine by lifting up and down the support pin 7, 

[0053] The production method of the ceramic heater according to the invention will be described below. 
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paste, It is optimum to use tungsten paste or molybdenum paste prepared by mixing 85-97 parts by weight of 
the metal particle or the electrically conductive ceramic particle, 1 .5-10 parts by weight of at least one binder 
selected from acrylic binder, ethyl cellulose, butyl cellosolve and polyvinyral and 1 .5-10 parts by weight of at 
least one solvent selected from a-terpineoi and glycol, 

5 (3) Next, the green sheet 31 printed with the heating body 2 in the step (2) and another green sheet 31 obtained 

by the same method as in the step (1) are laminated. 

In the illustrated embodiment, 37 sheets are laminated on an upper surface of the metal particle layer 4 
(heating face side) and 1 7 sheets are laminated on an opposite side. That is, the forming position of the heating 
body 2 is made eccentric in a thickness direction by making the number of green sheets (1 ) laminated on the 

10 upper side .(heating face side) of the heating body (2) printed green sheet larger than the number of green 

sheets laminated on the lower side. Desirably, the ratio of upper side to lower side is rendered into 1/1-1/99 
byJaminating the great number of green sheets having the same thickness. Concretely, 20-50 sheets are 
laminated on the upper side, and 5-20 sheets are laminated on the lower side. 

(4) The green sheets and electrically conductive paste are sintered by heating and pressing. The heating 
15 temperature is 1000-2000°C, and the pressing is carried out at 100-200 kg/cm 2 un an inert gas atmosphere. 

As the inert gas, use may be made of argon, nitrogen and the like, 

[0054] Finally, a solder paste is printed on a portion to be attached with a terminal pin 3, and thereafter a terminal 
pin 3 is piaced and fixed by ret lowing under heating. The heating temperature for ref lowing the solder paste is preferably 
20 200-500°C. Further, a thermocouple may be embedded, if necessary. 

EXAMPLES 

(Example 1) Heater made of aluminum nitride ceramic substrate 

25 

[0055] 

(1) A mixed composition of 1 00 parts by weight of aluminum nitride powder (average particle size 1 .1 jim), 4 parts 
by weight of yttria (average particle size 0.4 jxm), 1 2 parts by weight of an acryl binder and alcohol is rendered into 

30 granulated powder by a spray drying method. 

(2) The granulated powder is placed in a mold and shaped into a fiat plate to obtain a green shaped body. The 
green shaped body is drilled to from a through-hole 8 for inserting a support pin for semiconductor wafer and a 
recess portion (not shown) for embedding a thermocouple. 

(3) The green shaped body is hot pressed at 1 800°C under a pressure of 200 kg/cm 2 to obtain an aluminum nitride 
35 plated body having a thickness of 3 mm. It is cut out into a disc having a diameter of 21 0 mm to form a ceramic 

plated body (ceramic substrate) 1 . 

(4) An electrically conductive paste is printed on the ceramic substrate 1 obtained in the item (3) by screen printing. 
The printed pattern is a concentric circle pattern as shown in Fig. 1 . As the electrically conductive paste is used 
Solvest PS 603D, trade name, made by Tokuriki Kagaku Kenkyusho, which is used for the formation of through- 

40 hole in a printed wiring board. This electrically conductive paste is a silver/lead paste and contains 7.5 wt% of a 

metal oxide being a mixture of lead oxide, zinc oxide, silica, boron oxide and alumina (weight ratio of 5/55/1 0/25/1 0) 
per the amount of silver. Moreover, a flake having an average particle size of 4.5 \xm is used as silver. 

(5) The ceramic substrate printed with the electrically conductive paste is heated and fired at 780°C to sinter silver 
and lead in the electrically conductive paste and bake the ceramic substrate 1 , The pattern of silver-lead sintered 

45 body 4 has a thickness of 5 jam, a width of 2.4 mm and an area resistivity of 7.7 mO/Q 

(6) The ceramic substrate 1 of the item (5) is immersed in an electrotess nickel plating bath comprised on an 
aqueous solution of 80 g/1 of nickel sulfate, 24 g/1 of sodium hypophosphite, 12 g/1 of sodium acetate, 8 g/l of 
boric acid and 6 g/1 of ammonium chloride to precipitate a nickel layer having a thickness of 1 jxm on the surface 
of the silver-lead sintered body 4, whereby a heating body 2 is formed. 

so (7) A silver-lead solder paste is printed on a terminal attaching portion for ensuring connection to a power source 
by screen printing 1 to form a solder layer (made by Janaka Kinzoku K.K.) 6. Then, a terminal pin 3 of Kovar is 
placed on the solder layer 6 and ref lowing is carried out by heating at 420°C to fix the terminal pin 3 to the surface 
of the heating body 2. 

(8) A thermocouple for temperature control (not shown) is embedded to obtain a heater 100 (Figs. 1 and 2). 

55 

(Example 2) Heater of silicon carbide ceramic substrate 

[0056] The basically same steps as in Example 1 are repeated except that silicon carbide powder having an average 
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granulated by a spray drying method and placed in a mold and shaped into a flat plate to form a green sheet and then 
the green sheet is hot pressed at 1200°C under a pressure of 200 kg/cm 2 to obtain an alumina substrate having a 
thickness of 3 mm. 

[0061] And also, an electrically conductive paste is prepared by mixing 100 parts by weight of tungsten particles 
having an average particle size of 3 (am, 1 ,9 parts by weight of acrylic binder, 3.7 parts by weight of a-terpineol and 
0.2 part by weight of dispersing agent and printed. The ceramic substrate printed with the electrically conductive paste 
is fired by heating at 1000°C to sinter tungsten. 

(Example 5) 

[0062] The same procedure as in Example 4 is fundamentally repeated except that the heating body is not flat but 
is a square of 20 \irr\ in thickness x 20 jam in width at section (aspect ratio of 1). 

(Example 6) 

[0063] The same procedure as in Example 4 is fundamentally repeated except that the printing conditions are 
changed and the heating body is not flat but is 5 jxm in thickness x 72 mm in width at section (aspect ratio of 12000). 

(Example 7) 

[0064] The same procedure as in Example 4 is fundamentally repeated except that 24 green sheet are laminated 
on upper side of the green sheet printed with the electricaily conductive paste and 25 green sheets are laminated on 
lower side thereof and the heating body is located in a center of the ceramic substrate. 

(Example 8) 

[0065] The same procedure as in Example 1 is fundamentally repeated except that an electrically conductive paste 

having the following composition is prepared instead of Solvest PS603D. 

[0066] Silver powder spherical, average particle size of 5.0 jxm, 1 00 parts by weight 

[0067] Metal oxide (weight ratio of lead oxide, zinc oxide, silica, boron oxide and alumina of 5/55/10/25/5) 7.5 parts 
by weight 

Area resistivity 4 mQ/D 

(Example 9) 
[0068] 

(1) A composition comprising 100 parts by weight of aluminum nitride powder (average particle size 1 .1 |im), 4 
parts by weight of yttria (yttrium oxide, average particle size 0.4 jam), 12 parts by weight of acryl binder and alcohol 
is granulated by a spray drying method, 

(2) The granulated powder is placed in a mold and shaped into a flat plate to obtain a green sheet. The green 
sheet is drilled to form a through-hole for inserting a support pin for semiconductor wafer and a bottomed hole for 
embedding a thermocouple. 

(3) The green sheet is hot pressed at 1800°C under a pressure of 200 kg/cm 2 to obtain an aluminum nitride 
substrate having a thickness of 3 mm. This is cut out into a disc having a diameter of 21 0 mm to provide a ceramic 
substrate 1 . 

Further, a metal mask is placed on the ceramic substrate 1 and subjected to a sand blast treatment with 
alumina powder having a diameter of 1 jam to form a groove having a width of 2.4 mm and a depth of 6 jam at a 
position for forming a heating body. 

(4) An electrically conductive paste is printed on the groove of the ceramic substrate 1 of the step (3) by screen 
printing to form a metal particle layer. The pattern of the metal particle layer is a concentric circle pattern as shown 
in Fig. 1. As the electrically conductive paste is used Solvest PS 603D, trade name, made by Tokuriki Kagaku 
Kenkyusho, which is used for the formation of through-hole in a printed wiring board. This electrically conductive 
paste is a silver/lead paste and contains 7.5 wt% of a metal oxide being a mixture of lead oxide, zinc oxide, silica, 
boron oxide and alumina (weight ratio of 5/55/1 0/25/5) per the amount of silver. Moreover, a flake having an average 
particle size of 4.5 \irr\ is used as silver. 
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(5) The ceramic substrate provided with the metal particle layer is fired by heating at 780°C to sinter silver and 
lead in the metal particle layer (electrically conductive paste) and bake onto the ceramic substrate 1 . The pattern 
of the silver-lead sintered body 4 is 5 \im in thickness, 2.4 mm in width and 7.7 mQ/D in area resistivity. 

(6) The ceramic substrate of the item (5) is immersed in an electroless nickel plating bath comprised of an aqueous 
solution comprising 80 g/1 of nickel sulfate, 24 g/1 of sodium hypophosphite, 12 g/1 of sodium acetate, 8 g/l of 
boric acid and 6 g/l of ammonium chloride to precipitate a nickel layer 5 having a thickness of 1 (im on the surface 
of the silver-lead sintered body 4 to thereby form a heating body. 

(7) A silver-lead solder paste is printed on a terminal attaching portion for ensuring connection to a power source 
by screen printing 1 to form a solder layer (made by Tanaka Kinzoku K.K.) 6. Then, a terminal pin of Kovar is 
placed on the solder layer 6 and reflowing is carried out by heating at 420°C to fix the terminal pin to the surface 
of the heating body 2 see Fig. 6). 

[0069] In this example, the heating body is embedded in the inside of the ceramic substrate but is exposed from the 
surface thereof as shown in Fig. 6(a). And also, the heating body may be partly embedded in the inside of the ceramic 
substrate and be at a partly exposed state as shown in Fig. 6(b). 

[0070] In this example, response time, temperature difference and pull strength are measured likewise Examples 1 
and 8. The results are shown in Table 1 . 

(Comparative Example 3) 

[0071] The same procedure as in Example 1 is fundamentally repeated except that lead oxide and zinc oxide are 
added to Soivest PS603D to adjust the amount of the metal oxide to 10 wt%. The area resistivity of the resulting heating 
body is 50 n)Q/ □ Moreover, time till the confirmation of temperature change after the application of voltage (response 
time) is measured with respect to Examples 1 to 8 (other than Example 3) and Comparative Examples 1 to 3. And 
also, the difference between maximum temperature and minimum temperature of the heating face when the surface 
temperature is 600°C is measured. Moreover, the puil strength (unit kg/2 mmp) is measured at a zone of 2 mm x 2 
mm with respect to Examples 1 and 8. 
[0072] The results are shown in Table 1 . 



Table 1 





Response time (second) 


Temperature difference (°C) 


Pull strength (kg/2mmD) 


Example 1 


0.5 


8 


12.4 


Example 2 


2.0 


9 




Example 4 


1.0 


8 




Example 5 


1.6 


15 




Example 6 


0.8 


18 




Example 7 


0.7 


18 




Example 8 


0.7 


18 


6.0 


Example 9 


0.8 


9 


24.0 


Comparative Example 1 


24 


15 




Comparative Example 2 


40 


22 




Comparative Example 3 


0.8 


15 





INDUSTRIAL APPLICABILITY 



[0073] As mentioned above, the ceramic heater according to the invention is thin and light and practical and is par- 
ticularly used for heating and drying semiconductor products in the field of semiconductor industry. 
[0074] Furthermore, in the ceramic heater according to the invention, the nitride ceramic or carbide ceramic is used 
as the ceramic substrate and is thinned, so that it is excellent in the temperature followability of heating face against 
the change of voltage or current and is easy in the temperature control. Moreover, it is excellent in the uniformity of 
temperature distribution of the heating face and can conduct the efficient drying of the semiconductor product. 
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Claims 

1. A ceramic heater comprising a ceramic substrate made of a nitride ceramic or a carbide ceramic and a heating 
body arranged on a surface thereof, 

2. The ceramic heater according to claim 1 , wherein the heating body is arranged so as to embed a part thereof in 
the ceramic substrate. 

3. The ceramic heater according to claim 1 , wherein the heating body is made of a sintered body of metai particles. 

4. The ceramic heater according to claim 1 , wherein the heating body is made of a mixture sintered body of metal 
particles and a metai oxide. 

5. The ceramic heater according to claim 1 , 2, 3 or 4, wherein as the metal particles is used one or more of noble 
metal, lead, tungsten, molybdenum and nickel. 

6. The ceramic heater according to claim 1 , 2, 3, 4 or 5 wherein the heating body is covered on its surface with a 
non-oxidizing metal layer. 

7. The ceramic heater according to claim 1 , 2, 3, 4, 5 or 6, wherein the heating body has a sectional shape that an 
aspect ratio at section (width of heating body/thickness of heating body) is 10-10000. 

8. A ceramic heater comprising a ceramic substrate made of the nitride ceramic or carbide ceramic and aflat heating 
body arranged in an inside thereof and having an aspect ratio at section (width of heating body/thickness of heating 
body) of 10-10000. 

9. A ceramic heater comprising a ceramic substrate made of a nitride ceramic or a carbide ceramic and a flat heating 
body arranged in an inside thereof, wherein an arranging position of the heating body is a position eccentrically 
arranged from a center of the substrate in a thickness direction thereof and a face far apart from the heating body 
is a heating face. 

10. The ceramic heater according to claim 8 or 9, wherein the heating body is made of a sintered body of metal particles 
or electrically conductive ceramic. 

1 1 . The ceramic heater according to claim 8 or 9, wherein the heating body is tungsten, molybdenum, tungsten carbide 
or molybdenum carbide. 

12. The ceramic heater according to claim 9, wherein an eccentric degree of the heating body is a position from the 
heating face of the substrate to more than 50% but less than 1 00%. 

13. The ceramic heater according to claim 9, wherein the heating body has an aspect ratio at section (width of heating 
body/thickness of heating body) of 10-10000, 

14. A method of producing a ceramic heater which comprises at least following steps®- (3) 

(J) step of sintering nitride ceramic powder or carbide ceramic powder to form a substrate made of nitride 
ceramic or carbide ceramic; 

d) step of printing an electrically conductive paste on the substrate; and 

© step of sintering the electrically conductive paste by heating to form a heating body on the surface of the 
ceramic substrate. 

15. The method according to claim 14, wherein the electrically conductive paste used in the step (2) is a mixed paste 
of metal particles and a metal oxide. 

16. The method according to claim 14, wherein a metal coating layer is formed by plating a non-oxidizing metal onto 
the surface of the resulting heating body as a post step of the step®. 

17. A method of producing a ceramic heater which comprises at least following steps©- @: 
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Q) step of shaping nitride ceramic powder or carbide ceramic powder to form a green sheet made of nitride 
ceramic or carbide ceramic; 

@ step of printing an electrically conductive paste of metal particles alone or a mixture with a metal oxide 
thereof on the surface of the green sheet made of the nitride ceramic or carbide ceramic; 
5 © step of laminating the green sheet printed with the electrically conductive paste on one or more of another 

green sheet obtained by the same treatment as in the step®; and 

@ step of sintering the green sheets and the electrically conductive paste by heating under pressure. 

18. The method according to claim 1 7, wherein when the green sheets obtained by the same treatment as in the step 
10 © are laminated on the upper side and lower side of the green sheet printed with the electrically conductive paste 

In the step©, the number ratio of the upper and lower green sheets is within a range of 1/1 to 1/99, 

1 9. An electrically conductive paste for a heating body of a ceramic heater comprising metal particles and a metal oxide. 

15 20. The electrically conductive paste according to claim 19, wherein as the metal particles is used one or more of 
noble metal, lead, tungsten, molybdenum and nickel. 

21 . The electrically conductive paste according to claim 1 9, wherein the metal oxide is one or more of lead oxide, zinc 
oxide, silicon oxide, boron oxide, aluminum oxide, yttrium oxide and titanium oxide. 

20 

22. The electrically conductive paste according to claim 19, wherein the mixture contains not less than 0.1 wt% but 
less than 1 0 wt% of the metal oxide to the metal particles. 

23. The electrically conductive paste according to claim 19, wherein the metal particle has an average particle size of 
25 0.1-100 urn. 

24. The electrically conductive paste according to claim 19, wherein the metal particles are flake-shaped particle or a 
mixture of spherical particle and flake-shaped particle. 

30 
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FIG. 3 
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FIG. 5a 



FIG. 5c 




FIG. 5b 
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